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Bring on the future

PSlis celebrating its 2oth anniversary in 2008. Since its incep-
tion on January 1, 1988, it has developed into one the most
successful international research centres for natural and en-
gineering sciences. This success story is due to the creativity,
the know-how and the drive of its employees. The support the
institute has received from the board of the Federal Institutes,
the federal government and parliament has also played a vital
role.

Unique research facilities

PSI’s research interests have developed significantly over the
past 20 years: born from the merger of two institutes that
focused primarily on atomic energy and nuclear research, it
has become a centre where work is now also carried out in
the fields of physics, materials science, chemistry, biology and
medicine, as well as energy technologies and their environ-
mental impact. Much of the research undertaken at PSI is
carried out with a long-term outlook, and is both fundamental
and highly relevant to today’s society.

PSlis in a unique position in the Swiss scientific landscape.
Firstly because it encourages a strong multidisciplinary ap-
proach to research, bringing together engineering and natural
science. And then because of the complex facilities the insti-
tute develops, builds and manages. These facilities are avail-
able to the scientific community working either in our univer-
sities or for firms with their own projects. Facilities such as
the synchrotron light source SLS, the spallation neutron source

SINQ and the muon source PSR are currently among the best
anywhere in the scientific world. Around 20,000 visiting re-
searchers have benefited from these unique facilities since
PSI’s foundation.

A pupil laboratory

Research and innovation at PS| owe much to young up-and-
coming scientists. More than 1,500 doctoral theses have been
completed at the institute since 1988. The specific infrastruc-
ture and the interdisciplinary character of the projects under-
taken at PSI have played an essential role in this success.
Training and further education will continue to be a central
mission for PSI in the future — especially now with a shortfall
of well-trained engineers and scientists. The Swiss economy
has huge needs. But too few youngsters are prepared to follow
this career path. PSI wants to change this and will focus on
this issue: for its 20th anniversary, we will open the institute’s
pupil laboratory, a place where we hope to convince young-
sters that engineering and natural sciences are attractive
career choices. Students aged from 12 to 14 will be able to
experience research first-hand and carry out scientific ex-
periments under the guidance of seasoned professionals. We
hope to make such an impression during their visit to this
laboratory that they will opt later for careers in engineering
or science.

PSI has made a name for itself both at home and abroad in
many fields of research. Fuel-cell technology is just one, de-



<« “Flexibility atall levels and a

positive attitude towards
change are necessary,” says
interim PSI director Martin
Jermann.

Foreword

veloping clean motors for vehicles. In physics and chemistry,
we are probing the structure of materials, compounds or bio-
logical molecules such as proteins. We are gaining knowledge
that will serve later as the basis for new products and for the
development of more effective pharmaceuticals. Proton ther-
apy is another field where PSl is carrying out pioneering work.
Tumours are targeted precisely with a tightly focused radiation
beam, preserving healthy tissue. These projects are just a
small selection of the research carried out at PSI.

A pioneering role thanks to major projects

Major projects such as the SLS take ten years to complete
from the planning phase all the way through to the opera-
tional phase. If PSI is to remain among the world’s leading
research institutions over the next ten to 15 years, we must
start planning for the future now. This means in particular
completing one trailblazing project: a new research facility
that would produce coherent x-ray light one million times more
brilliant than the one currently emitted by the SLS. If the project
is considered feasible and results in the development of a
compact X-Ray Free Electron Laser (PSI-XFEL), PSI will posses
a machine capable of a literally filming changes in the struc-
tures of biological, chemical and physical samples as they
happen, at unprecedented resolutions. This would open new
perspectives for researchers, who know from experience that
this can lead to unexpected discoveries. A preliminary study
over the next three years will tell us if the project is feasible.

If this is the case, the facility could go online in 2016, making
PSI an international pioneer in the development of a new
generation of research facilities.

PSI has some exciting perspectives. New initiatives such as
the proposed PSI-XFEL project imply change for research and
to some extent, push it in a new direction. As additional fund-
ing is unlikely, we will have to set priorities. Flexibility at all
levels and a positive attitude towards change will also be
necessary, something that is perfectly normal though at cen-
tres such as PSI. My own experience has convinced me that
we can handle these challenges.

Finally, | wish to thank the staff, who through their commitment
have all contributed to our many successes during the year. |
would also like to thank in particular the ETH board, our two
federal institutes of technology, and the other research insti-
tutes as well as the many enthusiastic university and industry
scientists who have given us long-term support.

Martin Jermann, Director a.i.
(Contact: martin.jermann@psi.ch)







Research focus and highlights

18
26

32

36
40

46
50
54
64
66
74

Synchrotron light
Neutrons and muons

Particle physics and
nuclear chemistry

Micro- and
nanotechnology

Biomolecular research
Life sciences at large
facilities

Radiopharmacy

Proton therapy

General energy
CCEM-CH

Nuclear energy and safety

Environment and
energy systems analysis

<« FanniJuranyiis a physicist with a PhD who
holds joint responsibility for the new

MARS backscattering spectrometer.

The 33-year-old Hungarian is investigating

neutron scattering with the SINQ

spallation neutron source.

Research in brief

Selected highlights in this year’s report include the tenth anniver-
sary of operations at the Spallation Neutron Source SINQ and the
completion of the pixel barrel detector for the Large Hadron Collider
at CERN.

In 2007, the Swiss Light Source also pursued its successful interna-
tional career as a user facility. New beamlines were built and existing
ones were upgraded to meet heavy demand. The SLS produced many
highlights in the areas of structural biology — for example determin-
ing the make-up of a virus — X-ray imaging, surface science and
magnetism.

In energy research, as petrol prices soar, progress was made towards
improving the combustion of so-called syngas while a process to vali-
date industrial conversion of wood to natural gas was successfully
tested. Important work into the reactivity loss of nuclear fuels —know-
ledge that is vital if we are to overcome a future energy gap —was also
carried out, comparing theoretical models with experimental data.
Environmental research plugged a hole in our knowledge of climate
change thanks a novel technique that helps determine temperature
variations in regions where no records exist. The hunt for sources of
fine particles in the atmosphere also took a turn for the better with
the combination of two distinct techniques.

PSI’s innovative health work continued in 2007. A new cyclotron was
successfully commissioned for proton therapy and the first patients
have undergone therapy, pursuing a tradition of medical excellence
at the institute.

The reports in this volume are only a fraction of the varied research
undertaken at PSI in the past year; for more information visit our
website — www.psi.ch
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Driving atoms with light

Gerhard Ingold, Steve Johnson, Paul Beaud, Faton Krasnigi, Ekaterina Vorobeva, Rafael Abela, Swiss Light

Source, PSI, Switzerland; Camelia Borca, Daniel Grolimund, Research Department Nuclear Energy and Safety,

PSI; Chris Milne, Van-Thai Pham, Amal El Nahhas, Renske van der Veen, Wojciech Gawelda, Christian Bressler,

Majed Chergui, Laboratoire de Spectroscopie Ultrarapide, EPFL

Under intense optical excitation, matter rearranges at atomic length scales in less than one picosecond.

Femtosecond x-ray pump-probe experiments can capture electron, phonon and spin dynamics directly in the

time domain. In crystalline systems Bragg diffraction provides information about coherent transient changes

of the long-range order. X-ray absorption spectroscopy (XAS) is a complementary technique that measures the

local electronic and structural changes in solvated molecular systems.

Two experiments were performed in 2007 at the FEMTO slicing
source: (1) the search for coherent phonon coupling in bismuth
with grazing incidence diffraction; and (2) the investigation of
electron dynamics during the femtosecond magnetization of
an iron-based metal-ligand complex with X-ray absorption
spectroscopy. The FEMTO source installed at the pXAS-beamline
delivers 2 kHz temporally and spatially stable X-ray pulses
tunable from 4-12 keV with a duration of 140 + 30 fs FWHM
and low timing drifts of 30 fs rms over several days [1].

Phonon-phonon interactions

In crystalline systems intense optical excitation can cause
remarkable changes in the atomic arrangement within a unit
cell. In bismuth, large amplitude A optical phonons along
the body diagonal of the rhombohedral unit cell are excited
by ultrashort laser pulses. Density functional theory predicts
[2] that coherent Eg optical phonons in the plane perpendicu-
lar to the A1z motion as well as a significant Aig — Eg coupling
are induced at high excitation fluences (see Figure 1).

Our experiment’s goal was to investigate the atomic motion
induced by optical excitation in directions perpendicular to
the [111] direction in bismuth as well as any relationship of
this motion to the coherent A;g population. To accomplish this
we performed femtosecond time resolved measurements of
diffracted intensity from the (1-21) lattice planes while ap-
plying a sequence of two laser pulses to control the population
of the Aig phonon mode. In this double-pump control experi-
ment, the amplitude of the coherent atomic motion was ma-
nipulated through the delay of the second pulse while keeping

the electronic excitation constant [1]. Significant coupling
between the Ai; mode and the atomic motion in the [1-21]
direction should lead to a change of the corresponding Bragg
diffraction signal when the pulse sequence is adjusted to either
maximize or to cancel the amplitude of the coherent A;¢ pho-
non. Figure 2 demonstrates successful control of the Ajg
amplitude. Within the sensitivity of our experiment we did not
observe any change in the dynamics of the (1-21)-diffraction.
The observed drop in diffraction efficiency appears instead to
be a direct consequence of electronic excitation of the crystal,
which results in a nearly instantaneous change in the fre-
quency of phonon modes that involve atomic motion perpen-
dicularto the[111]direction. The observed drop of the (1-21)

Eiw (MRy)

16 o
0.24 0.25 0.26 027002

z(c)

Figure 1: Computed potential energy surface for the ground
(blue) and for the excited electronic state (red) [2]. The arrows
indicate the optical excitation and the A1g and Eg optical
phonon modes.
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Figure 2: Measured response of the (111) and (1-21) diffraction
signals at 7.15 keV controlled by a 2-pulse excitation scheme for
two delay settings of the pump pulse pair. The absorbed energy
density was 1.09 mJ/cm? for the first and 0.77 mJ/cm? for the
second pulse, respectively.

intensities are due rather to larger atom displacements (via
the Debye-Waller factor) caused by the flattening of the para-
bolic potential energy surface upon carrier excitation.

Light-driven spin crossover in solution

Ferrous molecular complexes have been studied for a long
time due to theirintriguing electronic and magnetic switching
properties. Of particular interest are the dynamics of the spin-
cross-over process itself, where an electron in a low-spin (LS)
ground-state is excited by a resonant laser photon, and even-
tually joins with another metal-centered electron to generate
a paramagnetic high-spin (HS) excited state. While the elec-
tronic relaxation back to the LS ground-state has been exten-
sively studied in aqueous solutions of iron trisbipyridine
(Fe"(bpy)s]**) using ultrafast optical techniques [3], we have
recently added picosecond X-ray absorption spectroscopy to
monitor structural changes [4]. Figure 3 summarizes the dy-
namics of the energy relaxation pathway obtained from these
studies. After excitation to the MLCT (singlet metal-to-ligand
charge transfer) state the molecule relaxes through a 3MLCT
state and, presumably, a sequence of ligand field (LF) states
into the longer lived (665 ps) high spin quintet state (°T,).
Analysis of the transient EXAFS spectrum of the system in the
5T, state, shown in the inset of Figure 4, indicates an increase
in the metal-to-ligand (Fe-N) bond distance of 0.2 A[4].

The femtosecond experiment was carried out by exciting the
flowing liquid sample with a 110 fs pulse of 400 nm light. The
X-rays were spectrally tuned to 7,126 eV, the energy of the
maximum transient absorption signal in the ps experiment

Figure 3: Photochemical cycle of aqueous [Fe''(bpy);]?* after
excitation at 400 nm.

(see inset, Figure 4). Preliminary analysis indicates the ar-
rival of the system in the high-spin °T, state in <300 fs. To our
knowledge the results in Figure 4 are the first femtosecond
hard-X-ray absorption measurements on a molecular system.
The results of these experiments illustrate that ultrafast X-ray
absorption spectroscopy is a powerful technique that allows
access to otherwise unobtainable structural and dynamical
information.

AA x 10°

7100 7120 7140 7160 7180 7200
X-Ray Energy / eV
N N N

1 1 1
-500 -250 0 250 500 750
Time (fs)
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Figure 4: Femtosecond X-ray absorption time scan performed
at 7126 eV. Red line: a fit using a model taking into account the
energy pathway shown in Figure 3. Inset: Transient X-ray
absorption measured at 50 ps after excitation [4].

References

[1] P.Beaud et al., Phys. Rev. Lett. 99, 174801 (2007).

[2] E.S. Zijlstra et al., Phys. Rev. B 74, 220301 (2006).

[3] W. Gawelda et al., J. Am. Chem. Soc. 129, 8199 (2007).
[4] W. Gawelda et al., Phys. Rev. Lett. 98, 057401 (2007).
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The conducting meat in the insulating sandwich

Philip R. Willmott, Stephan A. Pauli, Roger Herger, Christian Schlepiitz, Domenico Martoccia, Bruce D. Patterson,
SLS, PSI; B. Delley, Condensed Matter Theory Group, PSI; R. Clarke, D. Kumah, C. Cionca, Randall Laboratory
of Physics and FOCUS Center, University of Michigan, Ann Arbor, Michigan, USA; Y. Yacoby, Racah Institute of

Physics, Hebrew University, Jerusalem, Israel

In 2004, it was discovered that when a layer of LaAlOs (LAO) is in contact with a layer of SrTiO; (STO), an ultrathin

layer of highly conducting material is formed where they touch one another, despite the fact that both are insu-

lators. The underlying physics responsible for this phenomenon is still disputed, despite a concerted worldwide

research effort to explain it. Using x-rays, the atomic structure of this interface between LAO and STO has been

revealed with unparalleled resolution. For the first time, the exact positions and chemical compositions of each

atomic layer were determined. Using simple arguments based on electrostatic energy minimization and the

known sizes of the contributing ions, it was shown that the conducting layer consists of about three monolayers

of a graded mixture of STO and LAO, which is predicted to be conducting. A fascinating and potentially techno-

logically important phenomenon could therefore be explained on the basis of structural arguments alone.

The physical mechanisms behind the unexpected formation
of an ultrathin conducting layer at the interface between the
band insulators SrTiOs; (STO) and LaAlOs (LAO) have been the
subject of considerable controversy since its discovery in 2004
[1] (see Fig. 1).

Both STO and LAO belong to a technologically important fam-
ily of materials called perovskites. In many of these materials,
very small movements in the positions of the constituent atoms

LAO

Interface

STO

Figure 1: Schematic of the ultrathin conducting interfacial sheet
in between the insulating materials LaAlOs and SrTiOs.

can have profound effects on their electronic properties, due
mainly to the fact that the electrons involved in the bonds are
strongly influenced by one another. On one hand, this makes
the perovskites a very interesting class of materials for tailor-
made use of novel physical properties, but on the other, these
properties seem difficult to predict with the current level of
modeling sophistication.

In the case of the LAO/STO interface, the situation is further
complicated by the fact that LAO consists of a stacking of
alternating oppositely charged atomic sheets (LaO* and AlO,),
while the equivalent layers in STO (Sr0°) and Ti0,°) are neutral.
This stacking of charged layers in LAO causes an electric field
to form at the interface, which can be neutralized either by
the rearrangement of electrons (i.e., a local change in ion
valence), or by the rearrangement or removal of atoms. Ex-
actly which mechanism plays the most important role is the
essence of the controversy.

SXRD - a unique structural technique

A common conclusion of investigations so far is that these
mechanisms would be better understood if a comprehensive
description of the interface with sub-Angstrom resolution was
made available. The synchrotron technique of surface x-ray
diffraction (SXRD) is ideally suited for this. Put simply, the
presence of well-defined and atomically flat interfaces and/
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or surfaces in crystalline structures results in the generation
of a weak but highly predictable signal in between “normal”
diffraction peaks. A very precise picture of the interfacial and
surface structure can thus be gleaned from the intensity dis-
tribution of this signal.

Using a novel x-ray photon-counting area detector, a large
SXRD data set of a five-monolayer film of LAO grown on STO
was recorded, and analyzed with phase-retrieval methods as
well as subsequent structural refinement techniques [2].

The interface structure

From the SXRD analysis, it was found that the interface
between STO and LAO is not abrupt, but forms a graded layer
of approximately a three unit-cell thickness [see Fig. 2(a)].
Importantly, this layer contains a significant fraction of Ti3*
incorporated into La1«SrkTiO3 (LSTO), a conducting material
in bulk form. The Ti-ions in pure STO are tetravalent (Ti*),
hence the Ti**ions in LSTO contain one more electron, making
theirionic radius significantly larger. This explains why, at the
interface, the structure becomes dilated [see Fig. 2(b)].

In this interfacial layer, LSTO is forced by the underlying STO
substrate to assume the latter’s more symmetrical structure

bulk surface

Occupancy of layer

0.2
0.0}-= .—F'.'.'J&‘_

-0.2

AZ[A]

-0.4
-0.6

TrTTT

-0.gd

o
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Figure 2: (a) The chemical composition of the STO/LAO structure
across the interface. The transition from STO to LAO is not
abrupt, but extends over approximately three monolayers. (b)
The positions of the atoms in the direction perpendicular to the
interface z relative to the positions of atoms in bulk STO. Note
the dilation as the nominal interface (dotted vertical line) is
approached.

rather than the orthorhombic shape of LSTO in bulk form. It
is known that this should further enhance the conductivity of
LSTO.

With this technique, the formation of the conducting layer has
been explained based only on simple structural considera-
tions.

The electronic properties of this model were also investigated
using theoretical (density functional theory) calculations,
which confirmed the experimental findings [2].

References
[1] A. Ohtomo and H.Y. Hwang, Nature 427, 423 (2004).
[2] P.R. Willmott, S.A. Pauli, R. Herger, C.M. Schleplitz,
D. Martoccia, B.D. Patterson, B. Delley, R. Clarke,
D. Kumah, C. Cionca, and Y. Yacoby, Phys. Rev. Lett. 99,
155502 (2007).
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It's @ matter of cores

Jorg Raabe, Christoph Quitmann, Matthias Buess, SLS,PS/; Karsten Kiipper, Jiirgen Fassbender, Forschungs-

zentrum Dresden-Rossendorf, Germany

Using time-resolved X-ray microscopy, it is possible to get an insight into the dynamics of magnetic micro- and

nano-structures. A fascinating property of micro-magnetism comes from the possibility to control the domain

and vortex configuration through the sample’s shape and size. For instance, in a rectangular platelet a configu-

ration containing a stable combination of vortices and an antivortex can be created. Such a single crosstie wall

contains three vortex cores that can each point either up or down resulting in a total of 2 (= eight) configura-

tions only distinguishable when their dynamics are investigated.

The Surface and Interface Microscopy (SIM) beamline of the
Swiss Light Source (SLS) is a versatile tool for studying micron-
sized magnetic objects. It is equipped with a Photo Emission
Electron Microscope (PEEM). The sample is illuminated with
X-rays. The secondary electrons generated by the absorption
of the X-rays are imaged on a two-dimensional detector.
Magnetic contrast is obtained via XMCD, the dependency of
the x-ray absorption on the relative orientation of x-ray po-
larization I? and direction of the magnetization /T/i(?).

Figure 1 shows the typical magnetization pattern of a ferro-
magnetic square, a so-called Landau pattern[1]. Both compo-
nents of/ﬁ(?) can be measured when rotating the polarization
direction of the x-rays with respect to the sample. They can
be combined to a single image containing all the information
by using a colour code as shown in Figure 1c).

My (1) F% My (r) _,ufh Mir)

.

‘i—‘ X a) b c)

FJ

Figure 1: Magnetization of a permalloy square. The intensity is proportional
to the projection of the magnetization M onto the polarization P. The

two in-plane components M,(r) a) and My(r) b) are measured by rotating
the sample around the surface normal (z) in the PEEM. The vector of the
in-plane magnetization is shown in c) using colour coding.

Dynamic studies

To study the dynamic properties of magnetic objects we excite
them with an ultra-short magnetic field pulse of typically 200
ps rise time and several ten Oersted. By varying the time
delay At between the magnetic field pulse and the x-ray probe
pulse we measure the time evolution of the magnetization
[2].

The samples are thin film permalloy (NisiFeis) objects with
lateral dimensions of 10 pym x 6 um and a thickness of 20 nm.
Such objects are known to form a domain configuration called
the crosstie wall [1].

Figure 2 shows the temporal evolution of a crosstie wall after
excitation by a magnetic field pulse. The first row shows the
experimental data. The third row emphasizes the changes over
time by subtracting the image before excitation from each of
the subsequent images. The second and forth row show the
results of a numerical simulation [3].

The crosstie wall contains three static solitons, one antivortex
in the centre and two vortices where the tips of a black and a
white triangle touch each other (Figure 2). These objects have
a magnetization component out of the plane (up or down),
whereas the remaining parts of the structure are magnetized
in the plane.

Following the field pulse several parts of the structure become
excited. After 300 ps the grey domains get brighter (best seen
in the difference images), while at longer delays (600 ps) the
domain walls start to move. For delays of 1500 ps three spots
show up in the difference images. These correspond to the
three vortices having moved away from their initial position.
By comparing experimental and simulation data it become
obvious that the dynamics depend strongly on the relative
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Figure 2: Magnetization My(r, At) of a crosstie wall at characteristic delay times.

orientation (up or down) of vortices. A detailed analysis can
be found in[3].

Figure 3 shows a crosstie configuration taken from simulations.
The coloured arrows indicate the calculated trajectories of all
three vortices after excitation by a field pulse. Each of the
vortices can point either up or down, resulting in a total of 23
(= eight) possible vortex configurations.

Pure static imaging does not allow us to distinguish these
eight configurations, and energetically they are almost equi-
valent.

But following excitation the sense of rotation as well as the
amplitude of the vortex trajectories is different for all eight
configurations. By comparing simulation and experiment data
it was possible to determine the configuration of the crosstie
structure shown in Figure 2. Which is down —up —up [3].

Figure 3: Domain pattern of a platelet containing a cross tie wall
taken from a simulation. The white arrows indicate the local
direction of the magnetization. Coloured arrows indicate

the trajectories of the three vortices following the excitation
by a field pulse. The cores are oriented down - up - up

(:JOJO)}

Summary

Time-resolved PEEM gives a detailed insight into the dy-
namic properties of micro-magnetic systems, allowing for
example the determination of vortex orientations which are
not detectable in static imaging. Although static properties
are independent of core orientation, the cores are relevant to
dynamic properties.

This is not only important for the comprehension of funda-
mental properties of magnetic micro- and nanostructures, but
also important for the numerous applications envisaged for
these micro-magnetic objects.

References:

[1] Magnetic Domains: The Analysis of Magnetic Micro-
structures, Alex Hubert and Rudolf Schéfer Springer;
2" edition (2001)

[2] J. Raabe et al., Phys. Rev. Lett. 94, 217204 (2005).

[3] K. Kuepper et al., Phys. Rev. Lett. 99, 167202 (2007)
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Manipulating magnetic moments
with electric fields

Yves Bodenthin, Urs Staub, Miryam Garcia-Fernandez, Justine Schlappa, Swiss Light Source, PSI, Switzerland,;
Marc Janoschek, Laboratory for Neutron Scattering, PSI and ETH Zurich and Physik Department E21, TU
Miinchen, 85748 Garching, Germany; Eugen |. Golovenchits, Victoria A. Sanina, and Sergey G. Lushnikov,
loffe Physical Technical Institute, Russia

The search is on for materials that become magnets simply by applying an electrical signal. A small group of
materials with unusual spin arrangements, so-called multiferroics, show coupling and coexistence of magnetism
and ferroelectricity. The interest in these materials is due to the fact that they may enable the electric control
of magnetic states. Our experiments demonstrate the possibility of manipulating magnetism and imprinting a

magnetic response with electric fields in multiferroic ErMn,0s.

In 1865 Maxwell established four well-known equations de-
scribing the dependencies between magnetic interactions and
the motion of electric charges. A changing magnetic field
produces an electric field (electromagnetic induction), where-
as the motion of electric charges generates a magnetic field
(Biot-Savart law). A typical application is the electromagnet,
which usually consists of wire coils or loops and is big and
bulky.

Multiferroics

With the need to produce smaller and faster electronic de-
vices a group of materials that intrinsically exhibit magnetic
and electric ordering attracted interest: the so-called multifer-
roics. In these materials magnetism and ferroelectricity coex-
ists and are coupled. The magnetoelectric (ME) effect in a
solid, the induction of a magnetization M by electric fields and
the induction of an electric polarization P by magnetic fields,
were first predicted by Pierre Curie [1]. Since the ME effect was
first confirmed experimentally in the 1960s, many magnetic
materials have been shown to produce this effect [2]. How-
ever, observed ME effects are usually too small for practical
applications.

In ErMn,0s spontaneous electric polarization P is induced by
anon-collinear arrangement of magnetic moments leading to
a magnetoelectric coupling which is gigantic. ErMn,0s shows
spontaneous electric polarization parallel to the crystallo-
graphic b-axis at Tc; = 39.1K, i.e. below the Néel temperature
of Ty=44K. Below Ty the system shows two magnetic transi-
tions; the transition between incommensurate and commen-

surate magnetic order at Tem and between two different
incommensurate magnetic structures at the transition tem-

perature Tp [3].

Experiment

We used resonant soft x-ray magnetic diffraction to demon-
strate that ferroelectricity in ErMn,0s can be modulated, ex-
cited and switched by applying a static electric field [4]. The
experiments were carried out at the RESOXS station at the
SIM beamline of the Swiss Light Source (SLS).
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Figure 1: The (Y2 0 ¥a)-reflection of ErMn,Os taken at the Mn
Ls-edge above Tcwm. 3 corresponds to a magnetic reflection, -26 to
an induced aspheric charge reflection. The inset shows the
intensity difference Al.
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Figure 2: top: Phase diagram of ErMn;0Os.
(a): Temperature dependence of the magnetic (%2 0 4)-reflection.
(b): Intensity difference AI(T) due to the electric field.

In Figure 1 we present a momentum scan at the Mn Ls-edge
(E=643.75 eV) across the magnetic (1/2 0 1/s)-reflection. At this
energy we probe only the Mn magnetic moments. Magnetic
Bragg scattering appeared at q = (1/2 0 1/s) below Tcu, where-
as above Tew two satellite reflections & and -2 exist. & repre-
sents the initial magnetic scattering, whereas the —20 satellite
corresponds to orbital scattering and describes the magneti-
cally induced aspheric charge distribution of Mn. Applying an
electric field of E = + 13.3kV/cm perpendicular to both q and
the spontaneous electric polarization (E_L b 1 q) leads to a
pronounced increase of the scattered magnetic intensity. The
insets highlight the intensity difference Al* = I(+E) — I(E=0V).
These findings show that a magnetic structure can be directly
manipulated with an electric field applied in-situ.

To obtain further insight, the detailed temperature dependence
of the reflection was measured (Figure 2a). The Néel-temper-
ature at Ty = 44 K was observed by the onset of magnetic
scattering. When lowering the temperature the positions of &
and —26 changed slightly (black dots). The magnetic phase
transition at Tp lead to a significant change in the slope of 8(T)
and —28(T). After further decreasing the temperature, ErMn,0s
entered the commensurate magnetic phase (CM) at Tew. At
this point 8(T) and —28(T) merged into the commensurate
reflection. Simultaneously, we observed the influence of the
applied electric field on magnetic scattering. Figure 2b presents
the intensity difference AI(T). The onset of AlI(T) was coupled
to the magnetic transition at To. Moreover, Al(T) appeared at
the commensurate peak position and was stable in q. Since the

E field was applied in-situ, these results represent direct proof
of a coupling between ferroelectric and magnetic order.

The intensity difference AI(E) as function of the applied elec-
tric field is shown in Figure 3. The data were taken after field
cooling the sample, resulting in positive Al at OV and a nega-
tive field bias (dotted line). We observed an increase of Al
when increasing E up to ~9 kV/cm, followed by a decrease
upon a further increase of E. Similar behavior could be ob-
served by applying E in the opposite direction. A second re-
markable finding was the difference in the slope of the hys-
teresis when crossing E = 0. It shows that the systemisin a
different magnetic state because the magnetic signal depends
significantly on history.
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Figure 3: X-ray difference intensity Al as function of the applied
electric field at T = 38.5K, showing its hysteretic behavior.

Conclusions

Applying a static electric field on ErMn,0s leads to a significant
increase of magnetic scattering. The difference in intensity
clearly demonstrates the generation of magnetic scattering
intensity at the commensurate (1/2 0 1/s)-position that is stable
in g. The temperature dependence of Al reveals the coupling
of magnetic and electric transitions. In the ferroelectric phase,
an applied electric field perpendicular to q and b pushes the
system into the commensurate magnetic phase by changing
the direction of the magnetic moments. The hysteresis loop
reveals that it is possible to imprint a magnetic response with
an electric field.
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Virus in a nutshell
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Only a few proteins appear in their crystalline form in living cells. One of them is polyhedrin, a protein encoded

by cypoviruses (CPV), a widespread insect pathogen. Polyhedrin forms ultra-stable, micron-sized crystals to

protect viral particles from harsh environmental conditions. The structure of these crystalline containers was

determined by X-ray diffraction analysis. Understanding the molecular organization of in-vivo crystallized

polyhedrin might pave the way for the development of new, easy-to-manipulate nano-containers that could

accommodate a wide range of cargos and deliver them to specific places.

Cypoviruses and polyhedra

Together with nuclear polyhedrosis virus (NPV) and granulo-
sis virus (GV), the cytoplasmic polyhedrosis virus (CPV) be-
longs to the family of Reoviridae and infects insect larvae [1].
As an infection progresses, viral particles are embedded into
small particles called polyhedra, which are micron-sized
crystals formed by the crystallization of a viral-encoded protein
called polyhedrin (figure 1) in the cytoplasm of the insect cell.
Polyhedra act as very stable containers for the viruses and
protect their sensitive cargo against any loss of infectivity.
As CPV infection (polyhedrosis) is located in the midgut, af-
fected insect larvae rapidly spread the disease by spoiling
plants and soil with their faeces. CPV polyhedra are stable
enough to persist in the soil for years, making them difficult
to eradicate. As insect colonies are particularly vulnerable to
polyhedrosis, the disease causes significant losses in silkworm
cocoon harvests[2]. But the extraordinary stability of polyhe-
dra has been exploited in the development of biological alter-
natives to chemical insecticides [3].

The molecular organization of
cypovirus polyhedra

Methods for purification and X-ray analysis of in vivo grown,
infectious CPV polyhedra were developed that allowed its
structure to be determined to 2 A resolution [4]. The crystals
studied had dimensions of 5-12 microns and are the smallest
yet used for de novo protein X-ray structure solution. Crystals
were spread onto micro-fabricated mounts and illuminated at
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Figure 1: Scanning electron micrograph of virus occluded
polyhedra (Elaine Chiu). White bar indicates 5 ym.

100 K by the X-ray beam at the micro-diffractometer (MD2)
station of the Swiss Light Source’s X06SA beamline. Data were
processed in the cubic space group 123 and structure factor
phases were obtained from four differentisomorphous heavy
atom derivatives. The structure of infectious polyhedra was
refined to 2 A with R = 9.3% and Rree = 15.4%.

Figure 2 depicts the ribbon diagram presentation of the 28kDa
CPV polyhedrin. The structure of the polyhedrin monomer is
formed by two central B-sheets, which are surrounded by
o-helices H1, H4, H5 and the clamp. The basic building block
of polyhedra consists of a trimer of polyhedrin molecules
(Figure 3). The trimer is mainly formed through hydrophobic
interactions and its 3-fold symmetry axes coincide with the
cubic lattice’s crystallographic three-folds in such a way that
a single polyhedrin protein constitutes the asymmetric unit
of the crystal.
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Figure 2: Ribbon diagram of the CPV polyhedrin monomer.

A tetrahedral cluster of four trimers forms the next level of
organization in polyhedra. Two of these tetrahedral clusters
constitute the crystal’s unit cell, which is repeated a few
hundred times along each axis to form micron-sized cubic
polyhedra. The interconnected trimers form an extensive,
tightly packed network that shields over 70 % of the polyhe-
drin surface from solvent. Remarkably, the dense packing is
interrupted only by narrow channels between unit cells and
by closed cavities at the centre of the tetrahedral clusters.
Polyhedra are tightly sealed containers of extraordinary
chemical and physical stability that shield embedded virus
particles from the external environment. Based on this struc-
ture we are also able to propose a mechanism for virus release
at high pH values in the insect’s midgut: crystals dissolve
readily at pH 10 — 11, presumably due to deprotonation of a
particular group of amino acids essential for the stability of
the tetrahedral clusters.

Due to their robustness and size CPV polyhedra are easy to
manipulate and could possibly accommodate a wide range
of cargos [4]. The structural characterization of polyhedra
provides a sound basis for structure-based engineering of
polyhedrin to create variants that, for example, release their
cargo at less extreme pH values. Such an approach would
certainly open the road for the development of a new genera-
tion of nano-containers.

Figure 3: Polyhedrin trimers are essential building blocks of
polyhedra. They are formed through hydrophobic interactions
between residues of helices H4 and the clamps. The three-fold
symmetry axis of the trimer coincides with the crystallographic
three-fold (triangle).
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Hydrogen impurity states are of fundamental and technological interest due to their influence on electrical and

optical properties, particularly in semiconductors. Muon Spin Spectroscopy (uSR) has been shown to be a power-

ful tool for the investigation of the formation, structure and electrical activity of isolated hydrogen-like states,

where a stopping p* may capture an electron to form the hydrogen-like, bound state muonium (Mu). Using

the unique low-energy muon source (LEM) at PSI we studied for the first time the formation of Mu states as a

function of implantation energy in a near-surface region up to 150 nm depth.

The implantation of energetic (MeV) p* in insulators and
semiconductors commonly results in the formation of hydro-
gen-like muonium, with different final charge states (Mu*,
Mu®, Mu). pSR probes H states at infinite dilution, while
other spectroscopic techniques for the study of H states usu-
ally require high H concentrations. uSR has played a pioneer-
ing role in identifying and characterizing isolated hydrogen-like
states in technologically relevant semiconductors [1,2]. Mur
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Figure 1: a) Typical LE-uSR asymmetry A(t) of Mu* (diamagnetic signal) in
solid Argon, and b), corresponding low-field Mu® precession which is 103
times faster. ¢) Undoped Si <100>, Mu* asymmetry Ap as a function of
temperature and energy. d) Mu* and Mu® asymmetries versus energy. The
lines in a) and b) are fits, and in c) and d) guides to the eye.

with isotropic hyperfine interaction (HFI) at a tetrahedral in-
terstitial site and Mugc with anisotropic HFI at a bond-center
between two host atoms with a much weaker HFI have been
identified in diamond, Si, Ge and IlI-V semiconductors. In
covalent semiconductors, Mur represents an acceptor and
Musc a donor state. Recently, novel very weakly bound states
(shallow Mu) were established in a number of 11-VI and II-V
(nitrides) compounds [3-5]. Shallow donor hydrogen states
were also predicted theoretically in InN and ZnO from a uni-
versal alignment of hydrogen levels in semiconductors and
insulators [6]. Using uSR, these states were confirmed ex-
perimentally [4,5].

The use of MeV p* leads to the generation of a large number
Neh (10°—10°) of electron-hole pairs during the stopping proc-
ess of the incident p* (other techniques using protons also
start with energetic protons of comparable energy). A sizable
fraction of these electron-hole pairs escapes prompt recom-
bination and may interact with the thermalized impurity:
electrons from the ionization track may recombine with the
stopped p*. It has been shown experimentally by applying
electric fields to the sample, that a significant fraction of Mu
is formed this way [7]. The question arises whether and how
the final H-like states are influenced by the formation process,
which is essential for studies on semiconductors and insula-
tors.

The low-energy p* (LEM) facility at PSI allows examination of
this issue. With its variable implantation energy between 1
and 30 keV, the formation of hydrogen-like Mu impurity states
can be studied as a function of energy, i.e. as a function of
depth and Neh. Due to the low implantation energy, Nen can be
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tuned between a few and several thousand electron-hole pairs,
which is orders of magnitude less than for MeV-muon beams.
Figure 1 shows PSR data and deduced results for undoped
Si<100>. The Mu* (Mu’) signals can be distinguished from the
MuC signals by the different muon precession frequencies due
to the hyperfine coupling between p* and e” in Mu®. In Si at
energies greater than 9 keV (corresponding to a mean depth
<d>=65nm) the temperature dependence of the Mu* signal is
the same as in the bulk. The increase of Ap (which is propor-
tional to the Mu* fraction) above 150 K is attributed to the
thermal ionization of MuCc. At 2 keV (<d>=18nm) and T< 150
K Ap is clearly larger. As shown in Fig. 1d) the behaviour of Ap
is not related to a change of the Mu® fraction, which does not
depend on energy. Rather it reflects the unobserved (due to
the limited time resolution of the LEM spectrometer) Mu®;c
fraction that decreases in parallel with decreasing energy and
number of available track e~. The differentiated dependence
on the availability of track e indicates that Mu%%c is mainly
formed by capture of a track e after p* thermalisation (delayed
formation), whereas Mu®r forms during the stopping process
in charge-exchange collisions (prompt formation). This has
been inferred more indirectly in bulk pSR studies [7].

As a second example we present a study on ZnO, which is a
wide band-gap semiconductor and has recently attracted inter-
est due to its potential application in optoelectronic devices.
Figure 2 shows a Maximum Entropy analysis of energy scan
data of ZnO at T = 10 K. At energies > 15 keV (<d>=70nm)
about 50% of the muons are in the Mu* state (central peak at
10 mT). The other 50% form the shallow donor state with 10*
times smaller hyperfine coupling (compared to vacuum Mu)
so that the Mu® states are in the Paschen-Back region at
10 mT, i.e. they appear as broad peaks symmetrically located
below and above 10 mT. This is in agreement with previous
bulk uSR studies[3,4]. When the energy is lowered (reducing
Nen), the intensity of the Mu* signal clearly increases while the
weight of the broad side peaks decreases correspondingly,
which demonstrates that shallow Mu states form mainly by
delayed e capture.

Conclusions

These results are examples of a general trend found in other
materials: in simple insulators (solid van der Waals gases,
Si0,, Al,0s) and semiconductors (Si, Ge, CdS, ZnO) the ob-
served energy dependence of Mu states shows that delayed
Mu formation processes require the presence of thousands
of track electron-hole pairs [8]. From the corresponding im-
plantation energies we estimate that about 100 nm of the
ionization track are involved in delayed Mu formation. Below
3 keV this formation process is nearly absent. This suggests
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Figure 2: Undoped ZnO, <0001> oriented, energy scan at 10 K,
10 mT applied parallel to <0001>. Maximum Entropy analysis.

that the formation of those hydrogen impurity states which
strongly depend on the availability of excess charge carriers
is suppressed in cases where the H isotope is inserted in the
solid without the presence of a sizeable number of excess
charge carriers. It could also imply that the role of H-impurity
states in determining electric properties depends on how the
Hisotope is incorporated into the material. So far, the question
of the relative importance of different possible H states and
their occurrence as native impurity states has not been gener-
ally addressed. The LEM facility at PSI could obtain new in-
sights in this field, particularly for new, thin-film materials that
are potential candidates for electronic/optoelectronic de-
vices.
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Charge fractionalization without breaking

time-reversal symmetry

Christopher Mudry, Condensed Matter Theory Group, PSI

In condensed matter physics, the electron is not fundamental in the sense that it may have little relation to

low-lying charge excitations due to strong interaction effects. In the fractional quantum Hall effect, for example,

a very strong magnetic field enhances dramatically the importance of Coulomb interactions among electrons

over their kinetic energy; so much so that elementary charge excitations carry a fraction of the electron charge.

Here we show that the fractionalization of charge in graphene-like systems is possible without breaking time-

reversal symmetry.

The discovery of the electron was made in 1897 by Thomson.
Millikan and Fletcher demonstrated the quantization of the
electron charge e with their oil-drop experiment in 1909. Both
experiments can be understood within the framework of clas-
sical mechanics and electrostatics by postulating that the
electron is a point-like particle carrying a quantized electric
charge. Neither classical physics nor quantum mechanics
explain the origin of the electron and its quantized electric
charge. Grand unified theories (GUT) of strong, weak, and
electromagnetic interactions lead to the quantization of the
electron charge at low energies as a result of spontaneous
symmetry breaking below the energy scale 10 GeV. How-
ever, this scenario has not been tested experimentally.

In condensed matter physics, electrical transport can be un-
derstood by assuming that the charge carriers are electrons,
point-like particles with a quantized mass and electric charge
that interact with each other and with a periodic ionic back-
ground following the rules of quantum mechanics. Ignoring
electron-electron interactions, the interaction between an
ionic crystalline background and electrons leads to two well-
known phases of matter. There is the metallic state for which
any applied voltage drives an electric current. Then there is
the insulating state for which a sufficiently large applied volt-
age is required to drive an electric current (provided the
sample survives the applied voltage). The metallic and insulat-
ing states of matter have no classical counterparts; they are
guantum mechanical objects.

The discovery of the integer quantum Hall effect (IQHE) in
1980 ushered an era in which the quantization of the electron
charge has been tied to purely quantum mechanical signatures
of the metallic and insulating states. The IQHE manifests itself
by a vanishing longitudinal conductivity and by a Hall conduc-
tivity that is quantized in integer units of e?/h (h the Planck

constant) for a gas of free electrons confined to a two-dimen-
sional interface (by a band structure effect) and subject to a
strong magnetic field perpendicular to the interface. A pre-
requisite for observing the IQHE is that the temperature is
sufficiently low and the sample is sufficiently clean for the
existence of a mobility gap in the electronic spectrum.
Neither the metallic nor the insulating states of non-interact-
ing electrons need to be robust to interactions. The metallic
phase in alkali metals is unstable to the superconducting
phase at sufficiently low temperatures because of electron-
phonon interactions. The 1983 discovery of the fractional
quantum Hall effect (FQHE) in which the Hall conductivity of
two-dimensional electrons is quantized in units of rational
fractions of e2/h is now understood to be a dramatic manifes-
tation of the combined effect of a strong magnetic field and
of electron-electron interactions. Laughlin’s theory for the Hall
plateau at 1/3 filling fraction v of the first Landau level sug-
gests that electrons are not elementary excitations in the
v=1/3 FQHE. They are replaced by collective excitations car-
rying a fractional charge e/3. A direct measurement of the
fractional charge of these excitations in the v=1/3FQHE came
from the 1997 shot-noise experiments in Saclay and at the
Weizmann Institut.

The discovery of the FQHE has motivated a search for unu-
sual quantum numbers without breaking time-reversal sym-
metry. Candidate systems are mostly quasi-two-dimensional,
high-temperature superconductors. A notable exception is
graphene, an isolated layer of graphite studied for the first
time in 2004 by the Manchester group. In a collaboration
between the condensed matter theory groups at PSI and
Boston University [1] it was shown that an insulating state of
graphene characterized by a bond ordering that extends the
Kekulé pattern of weak and strong bonds in the benzene
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Figure 1: Kekulé pattern for strong and weak bonds for (a)
the benzene molecule and (b) graphene.

molecule [Figure 1(a)] to the honeycomb lattice [Figure 1 (b)]
can support charge excitations that carry a fraction of the
electron charge e.

In 1947 Wallace calculated the electronic dispersion of graph-
ene, demonstrating thereby the potential for graphene to
realize relativistic quantum field theory in the tip of a pencil.
The band theory of graphene can be explained by assuming
that one carbon ion is localized on the honeycomb lattice and
that there is one valence electron per ion in a & orbital. The
resulting band structure consists of two Bloch bands that
touch at the six corners of the first Brillouin zone. The energy
at which the valence and conduction bands meet is called the
charge neutral Dirac point as linearization of the dispersion
around it creates the cones depicted in Figure 2(a). The non-
equivalent cones of the wave vectors K. and K, mimic the
massless relativistic spectrum of two flavors of fermions in
the lowest spin or representation of the Lorentz group in (2+1)
space and time. Hence, the density of states vanishes at the
charge neutral Dirac point. The Kekulé pattern of strong and
weak bonds illustrated in Figure 1(b) opens a gap in the spec-
trum of graphene [Figure 2(b)].

Finally, a point-defect in the Kekulé pattern of Figure 1(b) pulls
from the continuum a midgap eigenstate with a wave function
that decays exponentially fast away from the defect. This
mid-gap eigenstate carries the electric charge ¥ e/2 depend-
ing on whether it is occupied or not. Remarkably, by breaking
the particle-hole symmetry between the conduction and va-
lence bands as could happen if graphene were deposited on
a substrate that favors electrons sitting on top of the red sites
in Figure 1, the mid-gap state can be made to move away from
the charge neutral Dirac point smoothly. Correspondingly, the
fractional charge deviates smoothly from ¥e/2, i.e., the frac-

tional charge can be tuned continuously and take irrational
values. This physics of fractionalization is not limited to graph-
ene but can also be realized for electrons hopping on the
square lattice as is shown in Figure 3.

In summary, the principle of fractionalization of the electron
charge due to many-body interactions without the breaking
of time-reversal symmetry has been demonstrated theoreti-
cally for graphene-like systems. As in GUT — and unlike in the
FQHE - spontaneous symmetry breaking plays a crucial role.
Unlike in GUT, the symmetry that is broken is not fundamental
but an emerging one in the low-energy and long wavelength
limit of a graphene-like system.

Figure 3: (a) The columnar dimerization is the counterpart to

the Kekulé dimerization for the square lattice threaded by a
magnetic flux of zper plaquette. A point defect (b) in the
columnar pattern that nucleates a mid gap state (c) at the origin.
The fractional charge induced by the point defect as a function
of the ratio between the energy scale that breaks the sublattice
symmetry and the energy gap at the charge neutral Dirac point.
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Figure 2: Linearized energy dispersion of grapheme without (a) and with (b) the Kekulé dimerization.



22 Research focus and highlights — Neutrons and muons PSI Scientific Report 2007

Direct link between low temperature magnetism
and high temperature sodium order in NaxCoO;
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We prove the direct link between low temperature magnetism and high temperature Na* ordering in NaxCoO, by
characterizing a magnetic transition at 8 K and demonstrating its dependence on a diffusive Na* rearrangement
around 200 K. Applying muons as local probes this process is shown to result in a reversible phase separation
into distinct magnetic phases that can be controlled by specific cooling protocols. Thus the impact of ordered
Na* Coulomb potential on CoO. physics is demonstrated, opening new paths to experimentally revisit the

NaxCoO; phase diagram.

The layered transition metal oxide NaxCoO, combines high
thermopower and metallic conductivity, making it a promising
candidate for thermoelectric energy conversion [1,2]. Super-
conductivity [3] as a prototypical Fermi surface instability in
hydrated Nao.3C00, and charge or spin-ordered electronic
ground states for higher sodium content (x> 0.75) [4] reflect
the richness of sodium cobaltate physics.

The susceptibility of the CoO, electronic system to a number
of instabilities was revealed by theoretical studies assuming
a homogeneous electronic structure [5]. However, Na ions
(whose apparent main role is to donate electrons to the Co-O
derived states) create local electronic inhomogeneity through
their Coulomb potential, seen for example with NMR in the
form of inequivalent Co sites [6]. It was suggested from a
theoretical point of view that sodium ordering at high tem-
peratures [7] influences the electronic structure of the CoO,
layers through Coulomb potential wells [8]. By combining the
results of specific heat, muon spin rotation (USR) and neutron
diffraction we were able to establish a direct link between high
T sodium ordering and the low T magnetic properties by char-
acterizing a new low temperature magnetic instability in
Nao.sCo0,.

Figure 2 shows specific heat data taken in a zero field. In ad-
dition to the well-known transition to an antiferromagneti-
cally ordered state at 22 K [9-11] there is another lambda-
shaped anomaly at 8 Kassociated with a distinct second phase
whose formation is dependent on the sample’s cooling pro-
tocol [12]. The second transition only develops if the sample
is cooled sufficiently slowly (at a rate < 10 K / min) through a
narrow temperature range around 200 K. This points to dif-
fusive sodium rearrangement as a driving force of magnetic
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Figure 1: NaxCoO, phase diagram (after Foo et al. [4])

order possibly due to the patterned sodium Coulomb potential
breaking the crystal symmetry.

In light of the small entropies associated with the anomalies
in the specific heat data it is worth applying a technique that
probes the bulk of the sample magnetically and allows one to
determine the volume fractions involved in the two transitions.
To achieve this, we performed uSR measurements using the
general purpose GPS spectrometer on the tM3 beamline. The
results indicate that both cooling procedures result in a fully
ordered sample volume at 5 K. However, the microscopic
magnetic state of the sample is distinctly different depending
on the cooling protocol. ’Fast cooling’ results in a magnetic
state that is closely similar to that previously reported for x =
0.82 [9]. The entire sample volume is in this particular state,
and it remains essentially unchanged upon cooling from 10 K
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Figure 2: a) Specific heat data showing the presence of the
magnetic phase with Ty =8 K in the "slowly cooled’ state, and its
absence in the ‘fast cooled’ state. (b) Magnetic volume fraction
determined by pSR showing two successive ordering transitions
when the sample was slowly cooled through 200 K.

to 5 K. When the very same crystal is ’slowly cooled’, two
distinct magnetic phases are sensed by the muons. The first
one develops at 22 K, involves approximately 65% of the
sample volume and the details of the frequency distribution
are slightly different from the 'fast cooled’ 22 K phase. The
comparison with previous detailed pSR studies on *fast cooled’
samples implies a Na content of x = 0.75 to 0.8 for this phase
[13]. Below 8 K, magnetic order develops in the remainder of
the sample volume causing a prominent change of the fre-
quency distribution. The data suggest that two distinct mag-
netically ordered phases with slightly different Na content
coexist at 5 Kin the ’slowly cooled’ state. Since the magnetic
inter-plane coupling ) is determined by superexchange proc-
esses involving Na orbitals [14], minute and subtle changes
in the Na arrangement can have a dramatic effect on the
magnetic properties.

In order to examine structural properties, we performed neu-
tron diffraction experiments on the High-resolution powder
diffractometer for thermal neutrons (HRPT). We did not ob-
serve any significant anomaly in the temperature dependence
of the lattice parameters. However, the increase of micro-strain
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Figure 3: Temperature dependence of the in-plane micro strain in
Nao.sCo0; as determined by high resolution neutron diffraction
experiments. The increase below 200 K can be related to the
sodium ordering.

(dispersion of the lattice parameters) within the hexagonal
plane below 200 K can be related to the sodium ordering,
which can for example result in a new orthorhombic structure.
Since the data are refined in a more symmetric space group
this leads to a broadening of the diffraction peaks.

We have presented evidence for a new magnetic transition
below 8 K in Nao sCo0, associated with the formation of two
distinct magnetic phases of different Na content as implied
by our PSR studies. An interesting question concerns the
driving force of the phase separation: is it the Na dynamics in
itself, or is the rearrangement driven by instabilities of the
electrons in the adjacent CoO, layers?
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Magnetically-induced superconductors hold the promise of truly novel applications for energy storage and
transport. They may allow for superconductivity at higher temperatures than traditional superconductors that
are mediated by lattice vibrations. We used CeColns as a laboratory to study how magnetic fluctuations can pair
electrons and give rise to superconductivity. Our small-angle neutron experiments revealed how high mag-
netic fields break up electron pairs in the vortex cores, leading to a novel type of vortex structure that is composed
of both superconducting ring currents and magnetized states.

The first superconductor was discovered nearly a hundred
years ago, and in most materials this resistance-free state
arises from a phonon-mediated coupling of electrons. The
electronic state of a superconducting phase consists of a
single macroscopic quantum state, and so there is no resist-
ance to transport electrons. This is similar to the Bose con-
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Figure 1: (a-c) Superconducting vortices as a function of field,
measured using SANS-I at PSl and an 11-Tesla horizontal field
dilution cryo-magnet. (d) Field-temperature phase diagram of
the vortex lattice.

densation in cold atomic gases or quantum fluids such as He*.
Most applications based on superconducting materials require
superconductivity at relatively high temperatures. The present
understanding of conventional, phonon mediated supercon-
ductors suggests that they cannot yield superconductivity at
sufficiently high temperatures. However, magnetic fluctuations
with energies much higher than those of phonons could in-
stead provide the glue for Cooper pairs, possibly leading to
superconductivity at higher temperatures.

Magnetically-induced superconductivity

CeColnsis one of the simplest model systems of a clean mag-
netically induced singlet superconductor[1]. It features strong
antiferromagnetic spin fluctuations that are believed to medi-
ate superconductivity[2]. The energy of the magnetic fluctua-
tions is relatively low, so the materials properties can be
substantially tuned by magnetic fields and pressure. This
means the study of the interplay between superconductivity
and magnetism can be carried out in a controlled fashion.

Close to the quantum critical point

Important insights into the pairing mechanism can be obtained
by studying the electron pairing process at the onset of su-
perconductivity. We cooled the material to very low tempera-
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tures and we used magnetic fields to see how the magnetic
properties change as the material crosses a phase transition
from the superconducting to the insulating phase.

Uniform magnetic fields compete with superconductivity, so
superconducting materials generally attempt to shield mag-
netic fields from their interior. If that is not entirely possible,
as is the case for so-called type-ll superconductors, mag-
netic fields enter materials in form of quantized magnetic
fluxes that consist of long twister-like electromagnetic super-
currents. These are called vortices and form a regular two-
dimensional lattice whose symmetry depends on the details
of the electronic Fermi surface. With increasing magnetic fields,
the vortices move closer together until superconductivity is
destroyed. A phenomenological theory for which Abrikosov
and Ginzburg (AG) [3] received the Nobel Prize in 2003 accu-
rately describes vortex lattices in all known type-Il supercon-
ductors. Their theory is surprisingly simple and is based on
only two parameters: the coherence length of the supercon-
ducting condensate and the field penetration depth.
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Figure 2: Structure factor squared of the vortices in CeColns,
demonstrating a complete departure from the AG paradigm
indicated by the dashed lines.

Departure from AG paradigm

In our experiment, we cooled a single-crystal sample of CeColns
down to T=50mK and applied magnetic fields along the crys-
tallographic c-axis [4]. We observed a succession of vortex
phase transitions, as shown in Figure 1, that we believe is
driven, in low fields, by the symmetry of the Fermi surface and,
in high fields, by the inner vortex structure. The most surpris-
ing observation was, however, that the scattering intensity of
the vortex lattice increases with the field (Fig. 2), although the
scattering contrast of superconducting vortices generally

decreases as they move closer together with an increasing
field. This stunning observation represents a complete depar-
ture from the AG paradigm, and it demonstrates that the
vortex structure cannot only consist of super-currents as in
all previously studied superconductors.

Novel vortex structure

To understand the field dependence of the vortex structure,
itis important that CeColns be a Pauli-limited superconductor.
This means that superconductivity is destroyed because
magnetic fields directly break up Cooper pairs and not because
of super-currents [5]. As a result, the breaking of the Cooper
pair singlet inside high fields must be significant, creating
magnetized states in the vortice interior, as was also recently
observed for the borocarbide superconductor TmNi,B,C, which
has localized magnetic moments[6]. The combination of super-
currents and magnetized states in CeColns leads to a com-
pletely novel vortex structure that cannot be described by the
AG model. Our results constitute the first experimental evi-
dence for a novel vortex structure in a superconductor without
localized magnetic moments and demonstrate that the AG
model of superconducting vortices has to be extended to in-
clude the coupling of the magnetic field to the Cooper pair.
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One of the significant endeavours in particle physics today is the search for “new physics”. The MEG experiment
plans to seek such signatures in a complementary way to existing and planned TeV-scale experiments at the
world’s high-energy laboratories. Proof of such a signal at low-energies would be the decay of a muon into a
positron and photon - the search for this decay being the goal of MEG. Using both state-of-the-art detector
technology and the highest intensity surface-muon beam, commissioning of the MEG experiment was com-

pleted in late 2007 with an “engineering run”

The fascination for observing the lepton-flavour violating
decay u*— e *v has existed for some 60 years now since the
pioneering search using cosmic rays by Hincks and Pon-
tecorvo[1]. Modern-day advances in theory, notably Supersym-
metry (SUSY) and Grand Unification (SUSY-GUT), predict that
this observation could become reality [2], due to the coupling
of state-of-the-art detector technology and experimental
techniques. An improvement equivalent to two orders of
magnitude over the most sensitive search to date, the MEGA
Collaboration Br(p*— e*y) < 1.2-10 "' in 1999 [3], is the goal
of the MEG experiment.

Commissioning

2007 saw intense activity by the collaboration, with many
aspects being undertaken in parallel. One early highlight was
the completion and commissioning of the MEG Cockcroft-
Walton (C-W) facility housing a 1MeV proton machine (c.f.
Figure 1). The signing of the acceptance protocol in June
marked the end of a series of successful tests, both at the
manufacturer HVEE’s facilites in Amersfoort in the Netherlands
[4] and at PSI. The C-W accelerator allows essential energy
and inter-timing calibrations to be performed on both the
photon and positron arms of the spectrometer, by using the
“Li(p,y)Be resonant reaction at 440 keV to produce a 17.6
MeV y-line for energy calibrations and the proton resonant
reaction *'B(p,y)*?C at 163 keV to produce two coincident
gamma-rays at 4.4 and 11.7 MeV, allowing timing measure-
ments [5]. It is also used for monitoring purposes, e.g. the
liquid Xenon purity in the calorimeter, by measuring its trans-

Figure 1: MEG Cockcroft-Walton accelerator post installation

with a relieved team in the foreground

parency to scintillation light. The C-W proton beamline with
its remotely controllable target insertion system and beam
diagnostics equipment was tested by injecting and beam
tuning up to the centre of the COBRA magnet. This was com-
pleted before the upstream muon beamline had to be removed
and a shielding wall built to accommodate the Lamb-shift
Experiment in the front part of the nE5 area from July to Sep-
tember. During this period the remaining parts of the detector
were assembled; the Positron Tracking System, consisting of
16 low-mass, double-layered planar drift chambers placed
radially to the target and shown in Figure 2 (Left) and the Tim-
ing Counters, a set of scintillation counters with orthogonally
placed scintillating fibre bundles located axially on either side
of the drift chambers. The counters provide the precise timing
of the positron with a 100 ps resolution (FWHM), while the
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Figures 2 (Left): - COBRA central He-volume, with the Drift Chamber Assembly including the mounted target. The beam entrance
window can be seen at the far end (Centre): —- Timing Counter assembly with scintillating fibres and APD readout exposed
(Right): - Liquid Xenon (LXe) Calorimeter installed in the nE5 area

fibres are used in the first-level trigger to determine the Figure 3: Calorimeter

positron direction with respect to the gamma ray, c.f. Figure i Peak in LXe response to different

2 (Centre). ,; I,, i : Iil, Flines, e.g?.C-\.N LigB
Another highlight of the year was the long awaited LXe cryostat ‘E"m . . 1 = :i;rgi;s;\‘;v;g I;T:‘LG'
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tests, more than 840 photomultipliers were mounted inside gm T 83 MeV

the inner pressure vessel, contained in a mobile clean room, E , | |

before closure and transport to the nE5 area. Figure 2 (Right) i i HEE

shows the calorimeter on the detector platform after liquefac- a "'.i: e w deed

tion of the Xenon gas at 170 Kelvin, yielding some 900 litres Eneray (MeV)

of liquid Xenon inside the vessel. Thanks to this innovative
technology the cryo-fluid could be purified in a liquid state at
acirculation rate of ~ 70 l/hr.[6], reaching constant transpar-
ency (absorption length A >3m) in about 250 hrs.

Engineering run

The available beam time after re-installation of the muon
beamline, closing of the COBRA end-caps and the cooling-
down of the BTS solenoid was three months. The engineering
run was organized in three distinct phases, with the aim of
having all parts of the detector operational, the read-out/
data-taking chain tested and —in a final stage — to implement
the various triggers and check the rates as well as recording
calibration and test data. The initial phase involved beam
tuning, de-bugging and cosmic-ray calibrations, followed by
low intensity Michel trigger data. Phase two concentrated on
trigger tuning of the radiative muon decay and finally the u—ey
trigger, with an increased stopping-rate of about 3-107p*/s.
The corresponding p—ey trigger rate of ~ 4 Hz was found to
be close to expectations. During both phases LED, alpha, and
C-W calibration and monitoring data were recorded regularly.
The final phase was allocated to the study of the calorimeter,

using high-energy photons from pion charge-exchange (CEX)
and radiative capture (RPC) reactions, T p—n°n with n0—=yy
and m p—yn. With a suitable selection from a Nal detector,
mono-energetic photons of 55, 83 and 129 MeV could be
obtained.

Atotal of 29 TBytes of data were accumulated during the whole
period, with a mean peak rate of 1 TByte/day. Using data
compression for storage, the required space was halved.
Preliminary results from the various calibration sources show
that the calorimeter gives a linear response to a photon en-
ergy deposition between 4-83 MeV (c.f. Figure 3). Analysis of
the data is still in progress.
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The Pixel Barrel Detector for the Compact Muon Solenoid (CMS) experiment has reached the final construction

and assembly phase. In Spring 2008 it will be the last detector component to be installed in the CMS Experiment

at CERN before the Large Hadron Collider (LHC) accelerator begins operations at an unprecedented proton -

proton collision energy of 14 TeV. The experimental search for the Higgs boson and super symmetric particles

will be a major task for which the pixel device will play a vital role in detecting picosecond long-lived particles

that are crucial in the search for new fundamental laws of physics.

A pixel detector for the CMS Experiment

The Compact Muon Solenoid (CMS) experiment is one of two
large general-purpose particle physics detectors being built
on the proton-proton Large Hadron Collider (LHC) at CERN.
Its purpose is to detect, record and reconstruct unknown
particle physics reactions that are expected to take place in
collisions at energies of 14 TeV. The most prominent is the
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Figure 1: Exploded view of a barrel pixel module. The silicon
sensor has an approximate length of 65 mm and is 16 mm wide.

creation of the Higgs boson that is of crucial theoretical im-
portance in the Standard Model of elementary particles, a
relativistic quantum field theory describing the electromag-
netic and nuclear forces acting on all known elementary
particles and on all atoms as well. In the coming years the LHC
experiments will have a unique opportunity to observe the
Higgs mechanism for the first time. The CMS experiment is
designed as a series of sub-detectors that are nested in an
onion-like structure with a so-called pixel tracking detector
as the innermost part. The barrel part of this detector was
developed at PSI and entered its final construction phase in
2007. It is roughly 56 cm long, weighs about 5.5 kg and has
a total of 48 million microscopically arranged silicon sensor
and electronic readout channels. This microscopic detector
technology is quite a contrast to the large scale of the CMS
experiment with an overall volume of 3700 m?® and a total
weight of 12’800 tons.

Pixel Module Fabrication

The barrel pixel detector is built in form of three concentric
cylindrical shells with radii 4 cm, 7 cm and 11 cm. Each layer
is tiled together with pixel modules as shown. For the complete
construction of the three barrel layers a total of 768 modules
were built and thoroughly tested. This implied thermal cycling
from room temperature to the final operating temperature of
—10 degrees Celsius as well as a calibration with x-ray sourc-
es for signal pulse height measurements. This will be important
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Figure 2: A pixel module is mounted onto the carbon fibre mechan-
ics with integrated cooling by use of tiny swiss watch screws.

for a precise interpolation of measured particle track coordi-
nates that should be measured at the 15 um level. A crucial
step in the fabrication of the pixel modules is the micro-bump
bonding of the pixel segmented silicon sensor to each of the
16 pixel Read-Out Chips (ROC). These electronic chips were
assembled using 250 nm CMOS technology and can be ex-
posed to irradiations at the 400 KGy level without significant
degradation. Each pixel ROC—-8 mm by 9.8 mm —can read out
4,160 pixels and contains about 1.3 million transistors. For
the three-layer barrel this results in about 15 Giga transistors
that need to work flawlessly for data collection that is ex-
pected to start in 2008. The micro-bump-bonding connection
of the pixel sensor elements to the corresponding pixel signal
amplifiers in the ROCs is done with small Indium balls of 16
um diameter. They were fabricated following special process-
ing steps at the wafer level in the Laboratory for Micro- and
Nanotechnology The actual merging between sensor and ROCs
is carried out by a very precise chip placement machine de-
veloped at PSl and that has since been transferred to industry
for commercialisation.

Detector assembly

The challenging task of assembling the pixel modules in
complete detector shells proceeded rather smoothly and is
now complete. The pixel modules are fixed onto the carbon
fibre structure with tiny screws from the Swiss watch industry.
After thorough testing at PSl the pixel detector will be shipped

Figure 3: View of one of the two completed half barrel pixel detectors.

in spring 2008 directly to the CMS experiment near Cessy in
France. According to the CMS installation plan it will be the
last sub-detector to be inserted before the experiment is
sealed and the LHC starts operations.
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Figure 4: Details of the mounted pixel modules with the high density cabling.
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A target containing 1.2 - 106 atoms of ¢°Fe was prepared by radiochemical separation from a copper beam dump

used at the 590-MeV ring cyclotron at PSI. The target was deployed at FZ Karlsruhe to study the nuclear reaction

0Fe(n,})%'Fe, a key element in understanding the composition of the Early Solar System.

Introduction

The isotope ®°Fe, with a half-life of 1.5-10° years, plays a key
role in tracing the history of the Early Solar System (ESS).
Current attempts to reconstruct the inventory of short-lived
radioactivity between Fe and Pb that were present in the ESS
[1,2] show that ¢°Fe (together with 197Pd, #1Ca, 3¢Cl, 2°Al, and
10Be) must be considered a late addition to the protosolar
nebula. Whether this material stems from a supernova or a
nearby asymptotic giant branch (AGB) star is still an open
question.

Neutron capture cross sections are required for calculating
the s-process production of ¢°Fe. The stellar (n, y) rates for
the unstable isotopes, >°Fe and °Fe, which govern stellar
production and destruction of ®Fe, are currently obtained by
theoretical calculations using the Hauser-Feshbach statistical
model, with typical uncertainties of 30 to 50% for the reso-
nance dominated cross sections in the mass region around
Fe [3]. But the results from calculations of the ¢°Fe cross sec-
tion with the statistical model codes NON-SMOKER [4] and
MOST [s] differ by a factor of three. Because the s-process
abundances are directly determined by the respective stellar
(n, v) rates, the present cross section uncertainties translate
into uncertainties in the calculated ¢°Fe yields of more than a
factor of two, clearly obscuring the abundance predictions of
the stellar models.

Experimental solutions to this problem are therefore ur-
gently needed. The precondition for such an experiment is the
availability of a sufficient amount of ®°Fe as sample material.
One of the very few possibilities for obtaining such rare iso-
topes is the exploitation of accelerator waste from PSI facili-
ties.

Target preparation

For the separation of the ®°Fe sample, copper chips drilled out
from a beam dump irradiated with high-energy protons were
used. Besides the desired iron isotope, the sample contained
also about 150 MBq °Co and 2 MBq “*Ti as the main con-
taminants, which would have impeded the envisaged neutron
activation of ¢°Fe leading to ®'Fe. Therefore, these impurities
had to be carefully reduced to a near zero level prior to meas-
urement. In addition to the isotope under investigation, the
sample contained a comparable amount of >*Fe, which is co-
produced along with %Fe, as well as traces of stable iron
isotopes, originating partly from nuclear reactions and partly
from the drilling process.

Liquid-liquid extraction, precipitation and ion exchange were
used to separate the impurities with a decontamination factor
of ~3-108 for €°Co and ~5-10° for 4Ti.

The content of ®°Fe was determined by measuring the activity
of the daughter nuclide ¢°Co, which increased from 2.8 Bq on
January 25, 2007 to 19.5 Bqg on October 2, 2007.

For a small time difference t<<ty, (¢°Co), the number N of ¢°Fe
atoms can be calculated by

A,
Ng . = with 04, . =16.7 Bq
Fe y) A . Co
60 Fe 60 Co
where /160Fe and /160&) are the decay constants of ¢°Fe and

60Co, respectively. Taking the chemical yield into account, we
obtained a total content of 1.18-10% atoms °Fe in diluted HCl
solution. This solution was dried by evaporation on a graphite
backing 6 mm in diameter, which served as a target for the
neutron capture experiment.



PSI Scientific Report 2007

Research focus and highlights — Particle physics and nuclear chemistry 31

Figure 1: y-ray spectrum of coincident events from the activated 5°Fe sample. Events following cascades from the decay of ¢'Fe
consisting of the 298 and 1027 keV transitions are concentrated in the center, clearly separated from the overall background and
from Compton-scattered events of the 1332 keV line from 5°Co, which appear as the diagonal band in the upper part.

Experiment

The measurement was carried out using the Van-de-Graaff
accelerator at FZ Karlsruhe via the neutron activation technique
in a quasi-stellar spectrum, which offers the highest flux pres-
ently available, orders of magnitude higher than can be
achieved by TOF methods.

During neutron activation, the sample was sandwiched be-
tween two sheets of gold foil. The induced gold activity served
for the determination of the neutron flux. The sample sandwich
was placed in front of the neutron production target, a metal-
lic Li layer 6 mm in diameter evaporated onto a water-cooled
1.5 mm thick copper backing. The proton energy of E; = 1912
keV was chosen to provide a maximum neutron energy of
En = 106 keV. Under these conditions it was found that the
neutron spectrum represents an almost perfect thermal
distribution corresponding to kT = 25 keV, which matches
exactly with the stellar s-process temperature.

Because of the short half-life of ¢’Fe (6.1 minutes) and the
small amount of ¢°Fe in our sample, activation had to be re-
peated 70 times in order to accumulate significant statis-
tics.

In view of the very low activity achieved during irradiation, the
y-measurements were performed with two high efficiency
Ge-Clover detectors. The detectors were arranged face-to-face
only 3 mm apart. The sample was exactly centered in the gap
by means of a special holder. In order to significantly reduce

background, it was necessary to consider only events, where
2 y-rays out of the same ®'Fe-cascade could be detected in
coincidence. Figure 1 shows the result of such an analysis,
where the events from ¢'Fe decays are clearly visible above
the very low background.

Results

The analysis is not yet complete, but we expect a final uncer-
tainty of about 10 %. Given the very small sample and the very
small neutron capture cross section, this result reflects the
remarkable sensitivity that was reached in the experiment.
The final cross section will be sufficiently accurate for a quan-
titative discussion of the origin of ®Fe that is needed to un-
derstand the pre-history of the ESS, be it connected with the
outflows of a nearby Supernova or of a Red Giant.
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Advances in diffractive optics for X-ray microscopy
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The resolution of X-ray microscopy is limited by the smallest line width of the diffractive X-ray lenses used.

To overcome the limitations of electron-beam nano-lithography, we have applied a novel method to double the

density of structures in Fresnel zone plate lenses. This enables us to resolve 15 nm lines and spaces in the

scanning transmission X-ray microscope POLLUX at the Swiss Light Source. A variety of scientific fields such as

biology or materials sciences will benefit from this development, especially when combined with advanced

coherent scattering techniques.

There is an intimate relation between the spatial resolution
of a Fresnel zone plate (FZP) type microscope and the outer-
most zone width of the zone plate, the two of them being
essentially comparable. This is the reason why X-ray micros-
copy is so dependent on nanofabrication technologies. How-
ever, electron-beam lithography, which is the technique to
generate practically all FZPs worldwide, has an intrinsic limi-
tation. While state-of-the-art electron-beam lithography tools
are capable of writing with nanometer spot sizes and position
accuracies, the range of secondary electrons created in the
resist layer determine structure sizes. The exposed pattern is
thus blurred, with particularly detrimental consequences when
creating dense patterns of lines such as gratings or FZPs.
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Figure 1: Zone doubling technique to obtain ultra-high resolution
X-ray lenses. A silicon template is covered with a thin layer of
iridium by atomic layer deposition. The cross section through the
structure reveals the 20 nm wide Ir zone plate structures.

A zone doubling technique to reach
world-record resolution

We have developed a powerful yet simple nanofabrication
method, which overcomes the difficulty of high feature-den-
sity patterning [1]. It is based on a deposition of a thin layer
of a material with a high X-ray-refractive index onto the side-
walls of a template structure made of a low-index material.
This leads to a doubling of the effective line density of the
deposited material compared to that of the template (see
Figure 1). The cross section of the resulting structures reveals
the uniform deposition of iridium onto the sidewalls of the
silicon template structures.

The zone plates were tested at the POLLUX scanning transmis-
sion X-ray microscope (STXM). For our tests, we selected
structures with periods down to 30 nm (i.e. 15 nm lines and
spaces), prepared in a similar way as the zone plates. Figure
2 shows clearly resolved STXM images, representing the best
resolution value achieved to date in scanning X-ray micros-
copy.

Nanoscale coherent X-ray phase
contrast microscopy

Apart from their use as focusing optics for conventional scan-
ning transmission X-ray microscopy applications, Fresnel Zone
Plate optics can also be combined with more advanced coher-
ent X-ray imaging methods. For example, when a coherently
focused X-ray beam is used in a setup with a two-dimension-
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Figure 2: Scanning X-ray microscope image of a test object
consisting of lines and spaces down to 15 nm in width. Photon
energy: 1 keV.

al area detector, coherent X-ray diffraction patterns can be
recorded at each point of the image while the specimen is
scanned across the focus spot.

We have tested this novel approach using the fast-framing,
noiseless two-dimensional pixelated PILATUS 2M detector
that is installed at the coherent X-ray Scattering Beamline
(cSAXS) at the SLS. Figure 3 shows an example of one of the
first results obtained with hard X-rays (6.8 keV) for a biologi-
cal specimen, an osmium-stained human pancreas cell. Ten
thousand coherent diffraction patterns, recorded in 100 sec-
onds, were used to process out a differential X-ray phase
contrast image of the cell (right panel) — for further details see
reference [2]. The clarity of some of the smaller details in the
cell structure is striking, particularly if compared to the con-
ventional scanning transmission image (left panel), which was
recorded using the same exposure times.

Since these first tests in the harder X-ray regime where carried
out with a relatively coarse and conventional Fresnel Zone
Plate producing a focus spot hardly smaller than 300 nm, we
expect a significant increase in resolution when zone-doubled
FZPs, as described above, become also available in the multi-
keV X-ray range. These future improvements in the hard X-ray
range should ultimately allow us to achieve nanometer-re-
solved, three-dimensional images of cells or cellular sub-
components.
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Figure 3: Hard X-ray scanning transmission X-ray microscope images of a human pancreas cell. Left: transmission image. Right:
differential phase contrast image obtained from a set of ten thousand coherent diffraction images recorded with the PILATUS 2M.
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Metallic nanowire arrays for electronics
and sensors
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Wires interconnect our world. We transmit energy and information over great distances via vast networks of
metal wires. In semiconductor chips microscopic wires carry out the same functions at a much smaller scale.
There is intense research to scale down wire dimensions even further in future devices. The “nanowires” in these
devices will enable not only higher densities but they will take on additional roles as well. Extreme ultraviolet
interference lithography (EUV-IL) developed at PSI is uniquely capable of producing the required arrays for
research on these systems. Novel pattern transfer methods have been developed to produce metal nanowires

that are tested for their mechanical, electronic and optical properties.

A nanowire is an extremely thin wire with a diameter of only
a few nanometers and with length orders of magnitude more
than its diameter. At this scale physical properties of nanowires
are expected to deviate significantly from bulk metal, due to
confinement and surface effects. For example the conductivity
of the wires changes considerably, due to the drastic increase
of the surface-to-volume ratio, which can be exploited for
sensing. Mechanical properties such as the yield strength are
an important parameter that need to be characterized for
applications like flexible circuits. In order to study nanowire
properties, they must be arranged on a surface in a controlled
fashion.

Fabrication of nanowires

The goal of our manufacturing effort is to produce nanowire
arrays with periods of less than 100 nm over areas of several
square millimeters. It is important to be able to produce a
substantial number of samples for experimental purposes.
The EUV-IL method is a suitable technique with a demon-
strated resolution of 12.5 nm in terms of the half-pitch of the
periodic structures [1]. Fabrication with this method starts by
coating the substrate with a radiation sensitive film (photore-
sist), which is exposed to an EUV intereference field at the XIL
beamline of the SLS. The photoresist is then developed to
produce an array of parallel lines. To produce metal nanowires,
this pattern has to be transferred into a metal film.

For the first fabrication approach we developed a number of
modified lift-off processes such as the use of two photoresists
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Figure 1: SEM image of 10 nm wide Au lines obtained with
EUV-IL and novel lift-off processes.

in a dual-layer stack and shadow evaporation of metal layers
to modify the width and the profile of photoresist lines [2].
Dense 10 nm wide and 10 nm thick gold nanowires obtained
with these processes are shown in Figure 1. At this scale, the
metal’s grain structure and growth properties during deposi-
tion become critical, causing roughness and ultimately con-
tinuity problems. Control of parameters such as substrate
surface chemistry, deposition rate, pressure, temperature and
the metal (or alloy) type are important in obtaining high-
quality nanowires.

Using another approach. we produced nanowires via guided
self-assembly of Au colloids. A chemical pattern of PLL-g-PEG/
biotin was prepared on a Nb,Os-coated substrate following
EUV-IL exposure of a sacrificial photoresist film. Single-strand
DNA was then attached to the biotin molecules that were ar-
ranged on 100-nm period lines. 20-nm diameter Au colloids
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Figure 2: Gold colloid nanowires were formed on a Nb,0s
substrate: DNA-tagged gold particles were linked to the
PLL-g-PEG/PEG biotin surface by neutravidin/biotin linkage.

tagged with the complementary DNA strand were then selec-
tively attached to the surface (Figure 2). The SEM image in
Figure 2 demonstrates the selectivity of this chemical recogni-
tion process, i.e Au colloids were only found along the mo-
lecularly patterned lines. The lines can be used as a sensitive
biosensor for label-free electrical and/or optical detection
based on surface plasmons [3].

Strength of nanowires

Novel devices, such as flexible displays and solar cells, usu-
ally consist of a thick compliant substrate (polymer, flexible
glass) and several layers of patterned lines and thin films that
are ductile or brittle. During normal use the patterned layers
on such substrates are expected to withstand significant
mechanical loads due to the bending of the substrate, for
example in electronic paper. We have made arrays of Au
nanowires using EUV-IL exposures and a dual-layer lift-off
process on polyimide substrates to test the mechanical limits
of a model system subjected to a tensile load. The samples
were tensile tested at the MS beamline of SLS using an in situ
X-ray diffraction (XRD) technique. The nanowires were strain-

Figure 3: a) SEM image of Au nanowires on polyimide substrate.
First cracks perpendicular to the loading direction appear ata
strain of 2.4%, b) Stress/strain curve of Au nanowires with

20 nm height and 50 nm width in loading direction. The arrows
show the strain change direction. The yield stress averages
approximately 400 MPa which is one order of magnitude higher
compared to the yield stress of bulk gold and the same asin a
corresponding thin film.

pulled along the direction of their length while XRD data were
acquired to determine the stress in the metal. When the strain
is low, they stretch and prolong. With more strain they start
to deform and crack (Figure 3a). The strain-stress curve in
Figure 3b shows how the nanowires stress the more they are
strained. This unique experiment showed that nanowires can
be strained ten times the critical strain of bulk gold before
actual deformation [4].
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Biological membranes on nanostructured chips

André Studer, David Langenegger, Isabelle Geissbiihler, Xiaojun Han, Jean-Jacques Hefti, Louis Tiefenauer, PS/

in collaboration with Harald Sehr, Laboratory for Micro-and Nanotechnology PSI,

and Marco Di Berardino, Patrick Surbled, Olivier Dubochet, Leister Process Technologies, Kégiswil OW

Life — from a chemical point of view - is the separation of aqueous micro-chambers by lipid bilayers to enable

complex concerted (bio)chemical reactions. Proteins integrated in biological membranes act as selective ion

transporters, while others regulate metabolic reactions or communicate with the outside world. In life sciences,

elucidating the structure and predicting the function of membrane proteins using synchrotron facilities is given

high priority. At the same time, we are attempting to establish assay systems allowing us to measure the func-

tion of reconstituted membrane proteins at predefined conditions.

In the past there have been many attempts to generate stable
and functional lipid bilayers allowing us to investigate the
function of membrane proteins. Major limitations are the poor
stability of the fragile bilayers and the difficulty of accessing
both sides if the bilayers are immobilized on a solid surface.
Recently it was suggested [1] (Fig. 1) and also demonstrated
[2] that lipid bilayer stability can be enhanced if they are
suspended in nanopores.

Figure 1: Side view of a nanopore in the silicon nitride membrane
(red) used as a support for stable and functional lipid bilayers,
self-assembled from lipid molecules (black). Insertion of peptide
and protein (green) can result in pore formation and allows
diffusion of ions (blue) across the bilayers.

Based on a previous TopNano21 project in collaboration with
an industrial partner, 300 nm thick silicon nitride membranes
with regularly arranged nanopores were produced (Fig. 2). We
created bilayer membranes on these nanoporous supports
and measured their stability over time using electrochemical
impedance spectroscopy. This method is very sensitive and

allows to determine the sealing (membrane resistance) and
the quality of the lipid bilayers (membrane capacitance). We
found that the specific capacitance of bilayers, produced with
various compositions and by different methods, is slightly
higher than reported by other groups [3].

e

Figure 2: Silicon nitride nanopore membrane as support for lipid
bilayers (white line), shown in detail in Fig.1. Side view, scale bar
is 400 nm.

Stability has been defined as membrane resistance with a
very high threshold of 1 GQ and 1 MQ allowing for the com-
parison of the stability of bilayers consisting of various lipids.
We found that bilayers composed of naturally occurring lipid
soy phosphatidylcholine are stable for days in pores of 200
nm diameters, whereas they were stable for only a few hours
in 800 nm pores (Fig.3). Furthermore, bilayer stability depends
on the lipid used (Fig. 4). The unprecedented stability found
allowed us to investigate the interaction of peptides and
proteins with bilayer membranes consisting of the lipids
needed to keep membrane proteins in a functional state.

The insertion of the ion transporter valinomycin was investi-
gated first, which resulted in a change of bilayer resistance
when transporting K* ions across the bilayer membrane
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Figure 3: Time of soy phosphatidylcholine (SPC) and palmitoyl-
oleoyl-PC (POPC) bilayers in 200 nm and 800 nm pores evincing
amembrane resistance >1GQ.
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Figure 4: Stability of bilayers of different compositions on 800 nm
pores. The space filling models of the lipid molecules Di-phyta-
noyl- phosphatidycholine (DPhPC), POPC, SPC and Di-oleoyl-PC
(DOPE) and their shapes (side view) are shown. Threshold was
setto 1 MQ.
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Figure 5: K*-transport across membranes by valinomycin (Val).
Concentrations of Val and KClin mM.
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Figure 6: Insertion of hemolysin molecules results in the
formation of protein pores, detected as step-wise increase
of the current.

(Fig. 5). A concentration-dependent decrease of the impedance
by two orders of magnitudes was observed.

Monitoring the incorporation of a membrane protein in pre-
formed freestanding lipid bilayers (Fig. 6) is more demanding.
Seven hemolysin molecules spontaneously form a protein
pore within lipid bilayers and diffusion of ions across such
pores can be recorded by measuring the incremental increase
of the current at a constant potential (50 mV). The process of
channel formation is dependent on the hemolysin concentra-
tion used and the diameter of the pore.

The results show that nanopore array supports are useful for
generating stable lipid bilayers and the function of integrated
peptides and proteins can be quantitatively determined. We
are now developing functional assay systems for other mem-
brane proteins of interest. The aim of a dedicated EU project
within the 7t framework programme with our partners is to
understand further the factors influencing stability and func-
tionality and to achieve bilayer formation using liposomes
with integrated proteins. Our goal is the application of pat-
ented technology for drug screening with membrane proteins
as the drug target.
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Bacteria shed light on human Rhesus protein
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Rhesus (Rh) proteins are the most significant blood group antigens next to the ABO system in human blood
transfusion. Sequence analysis and genetic complementation experiments in yeast showed that Rh proteins are

homologs of the Amt (ammonium transporter) family of transmembrane proteins and mediate ammonium trans-

port. Transmembrane ammonium transport is essential for the regulation of acid-base homeostasis in humans.

The structure of a bacterial Rhesus homolog observed at atomic resolution sheds light on the structure and

function of mammalian Rhesus proteins.

Ammonium is the preferred nitrogen source for bacteria,
fungi and plants. Its uptake into the cells is managed by
polytopic membrane proteins and is highly regulated. These
proteins belong to the extended family of ammonium trans-
porters (Amt), whose human homologs are represented by
Rhesus proteins. Several tissue-specific Rhesus proteins,
which are involved in acid base balance [1], are expressed in
humans. The Rhesus protein complexes embedded in red
blood cell membranes constitute the second most important
antigens after the ABO-system [2], and play a crucial role in
transfusion medicine, but can also lead to lethal haemolytic
diseases. These complexes were assumed to be hetero-te-
tramers of Rh30 and Rh50 proteins. Phylogenetically, Rh
proteins are found predominantly in animals.They also occur

more rarely in lower eukaryotes and very rarely in prokaryotes.
Nitrosomonas europaea encodes a single Rh gene. The struc-
ture of the corresponding NeRh50 protein was visualised at
a resolution of 1.3 A and is representative for the Rh family
including human erythrocyte Rh proteins [3].

Analysis of its trimer interface [3] strongly suggests that all
Rh proteins are likely to be trimers and that Rh30 group anti-
gens are unlikely to form complexes with the erythrocyte Rh50
protein (RhAG). When compared with structures of bacterial
Amt proteins, NeRh50 shows several distinctive features of
the substrate conduction pathway that support the theory
that Rh proteins have much lower ammonium affinities than
Amt proteins and could function bi-directionally.

Figure 1: The NeRh50 trimer structure. Periplasmic and cytoplasmic faces of the trimer are shown in surface representation on
the left and right respectively, with the pore entry marked by a yellow circle in one monomer. A side view (ribbons) is shown in the

middle with the approximate bilayer boundaries indicated by lines.
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Figure 2: Comparison of the monomer structure of NeRh50 and
EcAmtB. Superposition based on 268 C, atoms of NeRh50 and
EcAmtB (A) Transmembrane segments (white numbers)
represented as yellow (NeRh50) and grey (ECAmtB) helices. (B)
The periplasmic loops depicted in lighter and darker colours for
NeRh50 and EcCAmtB, respectively. Arrow points towards the
pore entrance. (C) The cytoplasmic loops (same colours as in B).
Arrow points towards the pore exit. (D) The C-terminal region
depicted in yellow and red for NeRh50 and ECAmtB respectively.

Overall structure of the NeRh50 protein

High-resolution data were collected at the SLS beamline X06SA
and the structure was observed using molecular refinement
methods. The quaternary structure of NeRh50 from the am-
monia-oxidizing bacterium N. europaea is a homotrimer
(Figure 1) similar to that of the structure of AmtB from Es-
cherichia coli (EcAmtB) (Figure 2) [4]. The monomer fold in-
cludes 11 transmembrane spanning a-helices (TM) corre-
sponding exactly to the Amt proteins (Figure 2A).

The substrate conduction pathway

Rhesus proteins mediate net transport of the uncharged am-
monia molecule. This is still controversial for Amt proteins and
net transport of the ammonium ion remains only a possibility.
The comparison of the two substrate conduction pathways is
therefore of great interest. In Amts four distinct regions are
distinguishable along this path (Figure 3). The periplasmic
vestibule contains a highly conserved ammonium-ion binding
site that is absent in Rh proteins. This is in accordance with
the lower affinity transport characteristics of Rh proteins.
Interesting differences are observed for the second region,

Figure 3: The substrate conduction pathway of NeRh50 and
EcAmtB. Cross-section perpendicular to the membrane through
the pores of NeRh50 and EcAmtB. (A) Overlay of both proteins
shown in surface representation. The darker areas represent the
cavities and pores. Side chains of conserved pore residues in
NeRh50 and EcCAmtB are shown as yellow and grey sticks
respectively. Substrate path in red mesh for NeRh50 (B) and in
brown mesh for ECAmtB (C).

the so-called phenylalanine gate. Although both phenyla-
lanines can be seen in the two subfamilies, the constriction
is less severe in the Rh protein structure (Figure 3B). The
central, mainly hydrophobic, pore region with its conserved
twin-His motif and essential for substrate conduction [5], is
very similar in both compared structures. Finally, the cytoplas-
mic vestibules leading towards the cell interior differ in detail
but we have no indication that these differences are function-
ally very important.

Conclusions

The high-resolution structure of NeRh50 strongly suggests
that all Rh family membrane proteins are trimers. Analysis of
the conservation of trimer interface residues in human eryth-
rocyte RhAG and RhC/DE proteins speaks against the forma-
tion of mixed trimers. If the difference between the substrate
conduction mechanisms of Amt and Rh proteins is confirmed,
this is probably due to structural differences observed around
the phenylalanine gate region.
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Disulphide bond formation by wild type DsbB
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Disulphide bonds are essential for the stabilisation of many proteins’ three-dimensional structure. In bacteria,

disulphide bonds are introduced by DsbA and the transmembrane protein DsbB. We have determined the crys-

tal structure of a catalytic intermediate of the transmembrane redox protein wild-type DsbB in covalent disulphide

complex with DsbA, providing insight into the mechanisms of de novo protein disulphide generation.

The formation of disulphide bonds is a critical step in the
folding of many secretory proteins, with failure to form correct
disulphide bonds resulting in increased susceptibility to
degradation[1and references therein]. In bacteria, the proteins
DsbA and DsbB govern disulphide bond formation. DsbA is
an extremely reactive dithiol oxidase that rapidly introduces
a disulphide bond into periplasmic proteins by disulphide
exchange; following this exchange DsbA is re-oxidised by
ubiquinone-Q8. The transmembrane protein DsbB catalyses
this entire reaction. We have elucidated the crystal structure
of the wild-type membrane protein DsbB in complex with
DsbA and ubiquinone-Q8 at 3.7 Aresolution[2], providing new
insight into its active site and reaction mechanism.

Structure of the DsbA-DsbB-Q8 complex

Crystals of the purified DsbA-DsbB-Q8 complex from E. coli
were obtained via sitting-drop vapour diffusion (figure 1), and
cooled to 100 K prior to data collection. Diffraction data to
3.7 A resolution were collected at the SLS beamline X06SA,
and the DsbA-DsbhB-Q8 structure solved by molecular replace-
ment using a catalytically inactive variant of DsbA-DsbB-Q8

as the search model [3].

Figure 1:
DsbA-DsbB-Q8
crystals. The pink
colour arises
from the charge
transfer interac-
tion between
DsbB and
ubiquinone-Q8.

Figure 2: Topology diagram of DsbA (cyan) in complex with DsbB
(yellow). DsbB forms a charge transfer interaction with
ubiquinone-Q8 (pink).

The crystal structure of wild-type DsbB reveals four transmem-
brane helices and a short periplasmic helix (shown sche-
matically in figure 2). In the complex, an intermolecular disul-
phide bond is formed between DsbA and DsbB, as previously
observed in the inactive variant [3]. However, significant
structural differences between the wild type and inactive
variants are observed in the region of cysteine44 of DsbB and
ubiquinone-Q8 (figure 3).

The active site architecture of the wild-type DsbB-DsbA-Q8
complex reveals a charge transfer interaction between a
cysteine residue and the ubiquinone ring which, together with



PSI Scientific Report 2007

Research focus and highlights - Life sciences at large facilities 41

Figure 3: Crystal structure of dsbA (cyan), DsbB (yellow) and Q8
(pink). The periplasmic membrane is shown schematically.

the established redox chemistry of quinones, provides strong
experimental support for the generally assumed mechanism
of de novo disulphide bond formation.

Formation of a disulphide bond in a periplasmic protein by
DsbA results in electron transfer to DsbB. During disulphide
bond formation, the charge-transfer interaction between the
cysteine44 thiolate of DsbB and the quinone ring is disrupted
by the nucleophilic attack of the quinone by this cysteine.

Figure 4: A novel charge transfer complex architecture is
observed in the region of ubiquinone-Q8 (pink and red).

Subsequently, the neighbouring residue cysteine41 attacks
cysteine44, producing an intra-molecular DsbB disulphide
bond and reduced quinone (shown in figure 2). The second
step of this reaction requires the presence of unpaired, re-
duced cysteine41 of DsbB, which is only formed when wild-
type DsbA is present. In this case, cysteine33 of DsbA attacks
the intermolecular cysteine30 (DsbA) — cysteine104 (DsbB)
disulphide bond (shown in figure 2), regenerating oxidised
DsbA and producing semi-reduced DsbB. Within semi-reduced
DshB, inter-loop disulphide exchange creates the reduced
cysteine41 [ cysteine44 pair and the cysteine104-cysteine130
intra-molecular disulphide bond.

Thus, following the formation of a disulphide bond in a peri-
plasmic protein, DsbA oxidation by ubiquinone-Q8 is catalysed
by DsbB.

Conclusions

Structural studies of complexes of wild-type DsbB have re-
vealed a possible charge transfer mechanism underlying the
formation of disulphide bonds in proteins. Further crystallo-
graphic and biochemical work is underway to enhance our
understanding of the mechanisms of disulphide formation.
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A seed of knowledge
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The discovery over the past three decades of small, charcoalified plant fossils from the Cretaceous period has

radically improved our understanding of the diversification of flowering plants, also known as angiosperms.

Recent study of small charcoalified seeds using phase-contrast enhanced X-ray tomographic microscopy reveals

details that link these fossils to extant Gnetales as well as extinct Bennettitales and Erdtmanithecales. This

has consequences for understanding angiosperm origin and revives the controversial anthophyte hypothesis,

which proposes that the closest living relatives of flowering plants are the bizarre Gnetales.

Angiosperms are the most disparate and species-rich group
of land plants that exist on Earth. They are also the youngest
major group of plants to have emerged in geological history,
with the first unequivocal records dating from the Early Cre-
taceous period, 130 million years ago. Despite their enormous
diversity and importance in the present-day ecosystem, the
origin of angiosperms is still open to debate. The anthophyte
theory, based on structural comparisons among extinct and
extant seed plants, considers angiosperms as most closely
related to the Gnetales, a small group of seed plants with a
relictual occurrence in present flora, and to the Bennettitales,
a group of extinct seed plants that flourished in Jurassic and
Cretaceous forests [1]. The anthophyte hypothesis has been
challenged by studies of DNA sequences in seed plants that
place Gnetales with conifers, separate from angiosperms. DNA
studies can be applied exclusively to living plants, but living
seed plants constitute only a small fraction of the total seed
plant diversity. New information on the structure of Mesozoic
seed plants is therefore vital to help resolve the apparent
impasse between morphology-based and molecular assess-
ments of seed plant relationships.

The charcoalified seeds that we investigated using phase-
contrast enhanced X-ray tomographic microscopy (PCXTM) at
the TOMCAT beamline of the Swiss Light Source (SLS) have
yielded exciting new structural information that supports and
revives the anthophyte hypothesis. This technology provides
higher resolution at the cellular level as well as enhanced
contrast, the latter being no longer dependant on simple at-
tenuation but generated by the phase shift induced in the

X-ray wave as it passes through the sample. The method that
we used[2] couples high resolution and sensitivity with speed:
it yields the three-dimensional distribution of the phase (re-
fractive index) of a sample with weak absorption from a single
tomographic scan. Even though the underlying numerical
approach is based on an assumption of low and homogeneous
absorption, the quality of the resulting images is more than
sufficient to perform optimal segmentation and further post-
processing. The major advantage of tomographic analysis is
that it is completely non-destructive, i.e. the sample remains
intact after the experiment and can be further investigated
with other methods. This is an unconditional prerequisite
when dealing with unique fossil specimens.

The seeds were retrieved from soft sediments of Early Creta-
ceous age discovered in Portugal and eastern North America.
They are preserved in charcoal form as the result of natural
fires. Charring has preserved the three-dimensional morphol-
ogy as well as histological detail to the sub-cellular level. The
seeds are about 1 mm long, elliptical in longitudinal outline
and clearly four-angled in transverse section (Fig. 1a). Four
apical extensions make them superficially resemble an an-
giosperm flower [3], but the seeds have also been compared
with seeds of Gnetales [4]. PCXTM analyses establish unam-
biguously that the fossils are small gymnospermous seeds.
Their most distinctive features are the presence of an addi-
tional seed envelope surrounding the integument and nucel-
lus, and a long narrow micropylar tube. The outer envelope is
robust, formed from thick sclerenchyma cells, while the in-
tegument is membranous, formed by thin-walled cells. The
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Figure 1: Charcoalified seeds from the Early Cretaceous in
Portugal. (a) 3D rendering of seed showing the four-angled
outer shape in apical and lateral view, with micropylar
protrusion and the four apical extensions of the outer seed
envelope. (b) PCXTM longitudinal virtual slice showing the
robust outer envelope and the membranous inner tissues.

(c) PCXTM transverse section showing the base of the micropylar
region. Scale bar in all figures 200 microns.

PCXTM also revealed an intriguing construction of the micro-
pylar tube: towards the apex of the tube the micropylar canal
is open, while it is closed in the middle section and towards
the base. The closure is distinct and caused by expanded tis-
sue of the integument; in particular the cells of their inner
epidermis expand radially to form a prominent ring that con-
tributes to the closure in the middle part of the tube. The
micropylar canal opens again towards the base of the tube,
but the inner lining is here irregular and the radial cells have
disappeared (Fig. 1c).

Among seed plants as a whole, the architecture of our char-
coalified seeds is unusual and comparable only to extant and
fossil Gnetales, and extinct Erdtmanithecales and Bennetti-
tales.

(a) : . (b
Angiosperms + Caylonia (b) Angiaspemis + Caylonia

Bennetitales Bannatitales

Blossontons Erdimanithecales

Pantaxyon ol Charcoalified seeds

Gnatalas Gnaetales
Glossoplans
Pantoxylan

Figure 2: Phylogenetic analyses showing relationships between
anthophytes. (a) The analysis of Hilton and Bateman [6] places
Gnetales as sister clade to the “higher” seed ferns, Bennettitales
and angiosperms. (b) The expanded analysis of our studies
place the charcoalified seeds together with Bennettitales,
Erdtmanithecales and Gnetales as a sister clade to angiosperms
and Caytonia.

The link between these lineages, termed BEG lineages [5],
was further corroborated by performing a phylogenetic anal-
ysis using the data matrix from Hilton and Bateman [6], ex-
panded and revised based on our new observations (Fig. 2).
This analysis also places the BEG lineages as closely related
to angiosperms and thus supports the anthophyte theory.
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How scattering techniques can help to make the link between micro-structural and macroscopic rheological

properties.

Rheology is the study of matter’s mechanical response to an
applied deformation or stress. This macroscopic response can
be predicted if the micro-structural response to shear is known,
for example the molecular size and architecture of polymers
in solution or the particle size distribution in a colloidal sus-
pension. Rheological response functions reflect these chang-
es in sheared complex fluids. However, the direct link between
the observed macroscopic rheological response and the un-
derlying morphological changes is inconclusive and hampered
by several facts: (i) complex fluids such as suspensions, emul-
sions, foams as well as molecular suspensions of surfactants,
macromolecules, proteins and polysaccharides may exhibit
the same rheological response function even though (ii) the
molecular, colloidal, and non-colloidal aggregation are control-
led by different forces acting on different length scales, and
(iii) probing of the local microstructure under flow must be in
situ, to provide sufficient spatial and temporal resolution, and
to probe the right length scale [1]. Since complex fluids are
often engineered inindustry (chemical, pharmaceutical, food,
and cosmetic sectors) and the quality characteristics as well
as the processing behavior are determined by their micro-
structure, it is important to understand the structure-flow
relationship.

An inherent problem in rheological research is the fact that
shear-induced micro-structures cannot be resolved by using
standard equilibrium techniques such as electron microscopy
or otherimaging techniques. Only very few imaging techniques
probing the systems in situ under shear have been developed,
e.g. a fluorescence microscopy setup at the IFF in Jilich. An-
other technique combined with a sophisticated rheometer is
Small-Angle Neutron Scattering (SANS). These setups, which
combine a rheometer with a scattering technique such as
SANS or fluorescence microscopy can access simultaneously
flow behavior and morphological properties, providing the
missing link between flow and structure. They allow the in-

vestigation of complex rheological flows and their micro-
structural origin, in particular when focusing on the evolution
over time and the transient coupling of micro-structural and
macroscopic rheological properties.

A common rheological technique besides applying steady
shear is the use of an oscillatory shear strain. The stress re-
sponse with in-phase and out-of-phase components gives
access to the mechanical excitations (storage modulus G’ (w)
and loss modulus G”(w)).The applied frequencies of such
measurements are typically in the range of 103 to 10Hz and
therefore also accessible with time-resolved cyclic SANS. The
synchronization of oscillating shear and time-resolved SANS
means the structural response of the material can be followed
with a time resolution as small as a few ms. Up to now Rheo-
SANS experiments have only been carried out under steady
shear but not oscillating shear. All technical requirements for
cyclic SANS experiments are fulfilled at the SANS-1 experiment
[2] and its combination with an oscillatory rheometer is
unique.

The method of simple oscillatory tests can be extended into
a non-linear regime [3,4]. Mechanical harmonics are gener-
ated under oscillatory shear at odd multiples of the funda-
mental excitation frequency. These harmonics are analyzed
as spectra after a Fourier transformation of the time-depend-
ant torque. This method is called “FT-rheology”. We have
combined FT-rheology with cyclic SANS experiments for the
study of polybutadiene-poly(ethylene oxide) (2.5 kd:2.5 kd)
diblock copolymers. They form wormlike micelles and are
known to undergo an isotropic to nematic phase transition at
5% w/w(5,6]. The rheological properties of the system display
similarities to surfactant wormlike micelles, with the advan-
tage that this system can be directly observed with fluores-
cence microscopy, which is carried out in Jiilich. The theory
describing this type of “living” polymers uses the concept of
reptation in combination with the breaking and re-formation
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Figure 1: On the left a typical SANS pattern like the 100 taken during the cyclic experiment. From the anisotropic scattering an
order parameter <P,> for the wormlike structures can be determined. The time dependent order parameter <P.> for different shear
frequencies is shown on the right. The solid line represents the amplitude of the oscillating shear in a.u..

kinetics of the micelles to predict the dynamical response of
such systems. In practice dynamical characterization is lim-
ited to the determination of the crossover point between the
storage and loss moduli and therfore to the linear properties
of the system. We have studied in situ the response of PB-PEO
to an oscillatory shear field in the vicinity of the isotropic-
nematic transition. We could determine the (non-)linear re-
sponse of the Kuhn-segments using high time-resolution cyclic
SANS (t >= 5 ms) to obtain a microscopic understanding of
the dynamics of “living’” polymers. A first successful experi-
ment using this system is shown in Figure 1.

In this figure we observed how the structural response moves
out of phase with the increasing frequency of the applied field.
For a self-organised surfactant system the intersect between
the elastic modulis and loss modulus, obtained from rheo-
logical measurements under oscillating shear flow, is related
to the typical relaxation time for self-organised structures. To
understand the structural response to shear, the steady state
was not the only important factor, but also the rate at which
it was reached. The latter depends on the typical relaxation
time of the system. For oscillating shear flow at low frequen-
cies the system is always close to a steady state with the
actual applied shear and the time dependent scattering pat-
terns similiar to those measured at the corresponding shear
in a steady state shear experiment. However, at higher frequen-
cies the change of shear rate becomes comparable to the
typical relaxation time of the system and the structural re-
sponse gets more and more out of phase with the applied
oscillating shear flow. In our experiment this behaviour was
observed for the first time successfully as shown in Figure 1.
From the anisotropy of the SANS pattern one can draw cons-
lusions about the allignment of the micelle segments. The

degree of allignement is commonly expressed in terms of an
order parameter <P,>, whose time dependency is shown on
the right in Figure 1. To get the curve for the different applied
shear frequencies from all 100 SANS patterns, an order pa-
rameter <P,>was extracted during the cyclic data acquisition.
The higher the frequency, the more the structural response
moves out of phase with the oscillating shear (shown as a
black line). At frequencies of 2Hz the system can no longer
follow the oscillating shear and the scattering pattern becomes
isotropic and shows no further anisotropic scattering be-
havior.
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The L1 cell adhesion protein (L1-CAM) has emerged as a potential target for therapeutic intervention in ovarian
cancer. Antibodies directed against L1 were found to inhibit proliferation of SKOV3ip human ovarian cancer cells
in vitro and the growth of SKOV3ip metastases in vivo in nude mice [1]. We investigated the possibility of increas-
ing the effectiveness of anti-L1 antibody mediated growth inhibition by co-administration of the soybean-derived
isoflavone Genistein. This antineoplastic tyrosine kinase inhibitor enhanced the anti-proliferative and pro-ap-
optotic (programmed cell death) effects of the anti-L1 chimeric monoclonal antibody (mAb) chCE7 in SKOV3ip
cells. The observed synergy of anti-L1 antibodies with Genistein could lead to a new therapeutic option for

consolidation therapy of ovarian cancer after surgery and radioimmunotherapy

Antitumour effects of '7/Lu-labelled chCE7agl
antibody

Monoclonal antibody therapy involves the use of experimen-
tally produced antibodies to target specific proteins on the
surface of cancer cells. High-affinity chimeric mAb chCE7 binds
to the human L1-CAM cell surface protein, overexpressed in
tumours such as neuroblastoma, renal cell carcinoma, ovar-
ian carcinoma and melanoma. Based on our results, which
show a more favorable blood clearance and a high and persist-
ent tumour accumulation of an aglycosylated radiometal la-
belled variant of chCE7 (chCE7agl) [2], we have used 77Lu-
labelled chCE7agl for therapy studies. Female nude mice were
injected intraperitoneally with 107 SKOV3ip human ovarian
cancer cells. Two days later animals were injected intrave-
nously with a single low dose of 6 MBq *”7Lu-DOTA-chCE7agl
(88 pg). Controls (n=7) and treated mice (n=7) were sacrificed
after 26 days and tumour masses were removed and weighed
(Figure 1). The single low dose of Lutetium-177 radioimmu-
notherapy (RIT) agent led to a 76% reduction in tumour burden
(p<0.008). These results demonstrated the efficacy of RIT, but
consolidation therapy strategies resulting in better survival
of cancer patients after first-line treatment are still needed.

Growth inhibition by chCE7 and Genistein

Genistein, which is commonly used as a tyrosine kinase in-
hibitor has many additional pharmacological activities and
enhances the efficacy of a variety of cancer therapeutics [re-
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Figure 1: Lutetium-177 radioimmunotherapy of orthotopic
SKOV3ip tumours in nude mice treated with a single low dose of
labelled mAb chCE7agl.

viewed in 3]. We therefore investigated the effect of Genistein
on the growth inhibition of SKOV3ip human ovarian cancer
cells in vitro mediated by the anti-L1 antibody chCE7 (Figure
2). After 72 hours of growth in complete cell culture media
supplemented with 10 ug/ml mAb chCE7 or 50 pmol/L Gen-
istein, both agents inhibited cell growth significantly (p<0.001)
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Figure 2: Inhibition of growth of SKOV3ip human ovarian cancer
cells in vitro by anti-L1 mAb chCE7 and by Genistein.

in comparison to control cells (FCS). The combination of mAb
chCE7 and Genistein strongly augmented the effects of the
single agents (P<0.009).

Induction of apoptosis by anti-L1T mAb chCE7
and Genistein

Apoptosis is a form of programmed cell death, which is de-
regulated in tumour cells. One possible cancer treatment
would be to overcome resistance of tumour cells towards
apoptosis. We measured apoptotic responses in serum-
starved SKOV3ip cells by analysis of cleaved poly(ADP-ribose)
polymerase (PARP), a nuclear enzyme that is cleaved after
induction of apoptosis. Cells were maintained for 72 hours in
low serum (0.2% fetal calf serum) medium, and treated with
mAb chCE7 (30 pg/ml) and/or Genistein (100 umol/L) (Figure
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Figure 3: Apoptosis induced by mAb chCE7 and Genistein in
SKOV3ip cells as measured by cleavage of PARP. GapDH:
Glycerinaldehyd-3-phosphat-Dehydrogenase, loading control

3). MAb chCE7 and Genistein induced apoptosis (@about 20%
increase in cleaved PARP). A combination of the two agents
led to a significant increase in the amount of cleavage product
(55%, P<0.001) compared to untreated samples and to either
the mAb treatment or the Genistein treatment (P<0.0002). The
quantification of PARP cleavage was performed by scanning
peak areas of western blots from six independent experiments
(calculation with image] software). We also demonstrated that
the combination of the two agents reduced the sensitivity of
several key kinases involved in proliferation and apoptosis to
extracellular stimulation with growth and survival factors
(data not shown [4]).

Conclusions

We have shown that treatment of SKOV3ip ovarian cancer cells
with anti-L1 mAb chCE7 induces growth inhibition and apop-
totic responses, which can be increased by addition of the
isoflavone Genistein. This strategy may provide an option for
consolidation therapy of ovarian cancer after surgery and
RIT.
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“Click” to image: a new chemical strategy for easy
access to multiple imaging probes
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Non-invasive visualization of specific targets or processes is important for understanding drug-target interac-

tions or for imaging malignant diseases. Therefore, efficient strategies for developing new and tailor-made

probes applicable for different imaging modalities are needed. We have developed a procedure for the prepara-

tion of folic acid-based imaging probes useful for single photon emission computed tomography (SPECT),

positron emission tomography (PET), near infrared imaging (NIR) and magnetic resonance imaging (MRI), fol-

lowing a single synthetic strategy involving “click chemistry”.

The preparation of suitable imaging probes for the visualiza-
tion of specific targets or processes frequently requires cou-
pling a target-specific molecule with an entity suitable for
imaging. This usually entails multi-step syntheses, which are
often inefficient and are complicated by unwanted side-reac-
tions during the coupling process. Therefore, novel synthetic
strategies are needed to overcome these drawbacks in order
to develop new probes applicable for different imaging tech-
niques currently available.

We recently reported that “click chemistry” (the Cu(l)-catalyzed
cycloaddition of alkynes and azides forming selectively 1,4
disubstituted 1,2,3 triazoles) [1] could be employed for the
single-step synthesis of metal chelators in quantitative yields
while simultaneously attaching them to (bio)molecules of
interest[2]. Unlike the chemical strategies for synthesising of
other chelating systems, this novel strategy avoids protective
groups and provides ligands in a single step with substantial
yields. They can be ready radiolabelled with [**™Tc(C0)5(H,0)s]*
(**™Tcy/2 = 6 h, 140 keV y-radiation), an organometallic precur-
sor for SPECT applications developed at PSI (Figure 1) [3].
Since click chemistry has never been employed specifically
for the design of metal chelators before, we called this novel
approach “click-to-chelate”.

One precursor for multiple probes

Folic acid is an essential vitamin and as such, it is taken up
by fast proliferating, folate receptor (FR) overexpressing can-
cers cells to a greater extent than by healthy cells.

These circumstances allow the visualization (and probably
therapy) of FR-positive tumours by attaching suitable probes to

e N“N + ///_\A/\B
aN
1. Cu(l) l - [¥9™Tc(CO)3(H20)]*

@@

N;Ngng B

C.

oc” | co
co

Figure 1: General reaction scheme of the functionalization of
biomolecules with a metal chelator and radiolabelling with the
radionuclide ?°™Tc using the “click-to-chelate” approach [2].

folic acid. For proof of concept, we functionalized and radio-
labelled (with [**™Tc(CO)3(H,0)s}) folic acid using the “click-to-
chelate” strategy. Initially we synthesized a folic acid-y-azide
derivative (FA-y-Ns; Figure 2). It was readily demonstrated that
compared to older coupling strategies [4], the preparation of
the new Tc-99m SPECT radiotracer was more efficient (Figure
2A).

At the same time, the folic acid-y-azide derivative also pro-
vided an opportunity to apply click chemistry to the synthesis
of novel folate tracers for other imaging modalities. Cu(l)-
catalyzed cycloaddition employing alkyne-functionalized
probes provided triazole-linked folate conjugates for PET
(1-'8F-5-hexine; Figure 2 B) and NIR imaging (alkyne-CY5.5;
Figure 2 C). The attachment of the macrocyclic alkyne-DO3A
chelator (DO3A = 1,4,7,10-tetraazacyclododecane-1,4,7-
triacetic acid) yielded a compound that can be employed as
a probe for SPECT, PET and MRI imaging depending on the
metal used (Figure 2 D).
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Figure 2: Functionalization and (radio)labelling of FA-y-Ns using click chemistry for in vitro and in vivo imaging.

In vitro evaluation of the novel “click” probes with folate re-
ceptor (FR) positive KB tumour cells showed in all cases a high
binding affinity and unaltered cell binding and internalization
properties. In vivo experiments with xenografted mice showed
specific high uptake of the tracers only in tumours and FR-
positive organs and tissue (Figures 3).

Figure 3: (A) In vivo NIRF imaging of a xenografted mouse
(arrows indicate tumour) superimposed on a white light image.
Strong fluorescent signal is observed in the FR-positive tumours.
(B) Small animal SPECT/CT image of a xenografted mouse
post-injection of the Tc-99m folate tracer and (C) SPECT/CT image
of a xenografted mouse post-injection of the In-111 folate-
DO3A tracer. High specific accumulation of both radiotracers is
observed in the implanted tumours and in FR-positive organs
such as the kidneys and thyroid glands.

Conclusions

We have shown that once an appropriate azide derivative of
a biomolecule has been synthesized, a variety of probes suit-
able for different imaging techniques become available by a
single, efficient and reliable coupling strategy. It is important
to recognize that this approach will expedite the parallel de-
velopment of new imaging probes and facilitate a comparison
of different imaging modalities and thus, the selection of the
optimal tracer and technique for in vitro and in vivo studies.

References

[1] V.Rostovtsev et al. Angew. Chem. Int. Ed. 41, 2596-2599
(2002); C. W. Tornge et al ). Org. Chem. 67, 3057-3064
(2002)

[2] T.L. Mindt et al. J. Am. Chem. Soc. 128, 15096-15097
(2006)

[3] R. Alberto et al. J. Am. Chem. Soc. 120, 7987-7988
(1998)

[4] C. Miiller et al. Bioconjugate Chem. 17, 797-806 (2006)



50 Research focus and highlights - Proton therapy

PSI Scientific Report 2007

Three decades of pioneering work result in an
innovative year-round patient treatment facility

Eugen Hug, Jurgen Salk, Marco Schippers, Beate Timmermann, Tony Lomax,

Department of Large Research Facilities, Center for Proton Radiation Therapy, PSI

Proton treatments at PSI have entered a new era and while the year 2007 represented the culmination of work

for many groups, the implementation of further groundbreaking innovations still lie ahead. What follows is a

“snapshot” of the facility’s current status and recent accomplishments.

Introduction

The Center for Proton Radiation Therapy (CPT), whose roots
go back to the pion treatments of the 1980s, the introduction
of scanned proton beam treatments in the 1990s and the deci-
sion to build a patient-dedicated proton accelerator earlier
this decade, began operation of a prototype cyclotron in Feb-
ruary 2007 and moved into year-round patient treatment last
August. We wish to describe the cyclotron’s first performance
results and the initial patient treatment delivery data. Long-
term patient outcome data for proton treatments delivered
since 1996 also became available for the first time last year.

First year of experience with the world’s
first SC cyclotron for proton therapy

At the CPT, the world’s first superconducting (SC) cyclotron
for proton therapy and new beamlines were commissioned as
anear stand-alone proton therapy facility [1] and patient treat-
ments started in February 2007. The heart of the new facility
is a novel 250 MeV SC cyclotron [2].
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Figure 1: Uptime and availability of cyclotron and beam
lines in 2007.

HF amplifier

~HF cavity
extrachion
operation Vertdefl-ps
delays 1_ WECUUM:
{education) beamline
Y. | vacuum
External—" 1 : comet
Contral | . \ lon Source
ACCEL™ Cocling |
waler | beam
system diagnostic

Figure 2: The subsystems causing unscheduled down
time in 2007.

In June 2007 there was a scheduled shutdown to connect the
beamlines to Gantry-2, OPTIS2 and the experimental area.
During the following six weeks the extraction electrodes in
the cyclotron were replaced preventively and experiments
were carried out to prepare commissioning of OPTIS2. Patient
treatments were resumed in the middle of August and since
then no shutdown longer than three days has occurred. The
number of treatments per day has been ramped up steadily
to about 15 patients in a continuous five days/week treatment
program. For the first time at PSI, patients were treated be-
tween Christmas and New Year, demonstrating the autonomy
of the systems and infrastructure. Long beam periods with a
100-200 nA extracted beam took place during several night
shifts and weekends for material irradiation experiments.
Parallel to the above-mentioned programs and preparations
for the other beam lines, a research project was also carried
out to improve proton beam intensity stability.
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Performance of cyclotron and beam lines

During the first year of clinical operation, very high system
availability of 97% was reached. We define availability as:
1-UDT/UT, with UDT the unscheduled down time (no beam
available, although planned) and UT (=2321 hours) is the
total time that the system was “on” for beam. Figure 1 shows
the uptime and availability per week and Figure 2 shows the
systems that caused the 3% unavailability. Major causes were
mechanical problems in a HF amplifier transformer, a problem
with the power supply of the vertical deflector and cooling
water issues due to parallel installation activities. Another
important contribution to UDT is the learning curve of the
operation crew.

It is remarkable that most of the problems occurred in the
auxiliary devices and almost none in the cyclotron itself.
Major problems were also always recognized early in the day,
before patient treatment began.

The cyclotron is powered up over 15 to 30 minutes every day
around 5 AM, allowing ample time to react to problems before
the daily QA-checks at 6:30 AM. The few operator interventions
during operation were related to slight corrections of the
drifting magnetic field of the cyclotron, due to magnet heating
by the HF. Since November this is corrected automatically.
The control systems are undergoing modifications to allow
safe and easy switching between the different areas. Instal-
lation and commissioning of the other areas are in progress
and should be completed by late 2008.

Achieving a high intensity stability

During the commissioning of the cyclotron the typical fluctua-
tions of the beam intensity were often larger than 40% (o at
10 kHz). However, for the fast pencil-beam scanning method

Figure 3: Schematic view of the proton source in the cyclotron
center. Free electrons, created in arcs between cathodes and
anodes, are trapped in the chimney and ionize gas that is flushed
into the source. The protons can leave the chimney though a slit
and are pulled towards the first HF electrode.
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Figure 4: HF voltage effect on intensity and stability.
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Figure 5: Extracted beam intensity and stability as a function
of arc current.

in the new Gantry-2 setup [3], 6<2 % is required. To meet this
requirement, a systematic investigation was performed in
collaboration with ACCEL/Varian for different settings of the
cyclotron’s internal “cold cathode” ion source (Figure 3) and
by changing cyclotron parameters.

A model[4]was developed to explain the dependence of beam
intensity and stability on several parameters. The effects of
“plasma related” parameters (arc current, gas flow, gas type)
as well as “acceptance related” parameters (source position,
HF voltage, beam positions) were measured. As an example,
the effect of HF voltage is shown in Figure 4. Chimney slit loca-
tion and various aperture positions in the beam path show a
similar optimal position.

As expected, arc current has a strong effect on beam inten-
sity. Additionally, stability can improve by a factor of four by
increasing the arc current (Figure 5). The importance of the
electron amount in the source was confirmed by adding a few
percent of helium, which improved the stability by a factor of
two, with only a slight increase of beam intensity. A small
mechanical modification to match the plasma shape more
closely to the chimney’s inner volume also improved stability
considerably. Since optimal conditions always require very
high beam intensities from the source, the existing vertical
aperture in the first orbits (low beam energy) has been par-
tially decreased. We now obtain 6=1-1.5 % routinely with H2
only, without compromising the necessary extracted beam
intensity.
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Present clinical operation

In August 2007 proton therapy at PSI became a year-round
patient operation. Patients are now usually treated Monday
through to Friday, one treatment per day, five times per week.
Treatment schedules are therefore similar to conventional
radiation oncology centers. We try to balance patient treatment
demands with the requirements of maintenance, technical
improvements and innovations, and commissioning of the
new OPTIS2 and Gantry-2 treatment areas. Balancing compet-
ing demands for beam time, we currently arrive at a patient
volume for deep-seated tumors on Gantry-1 of 15 patients
per day on a regular and ongoing basis as well as taking care
of the eye program’s 200 to 230 annual patients.

For deep-seated tumors we allocate presently one third, or
about five patients per day, to the pediatric program. The main
focus in adult patients continues to be the treatment of skull
base tumors, para-spinal tumors and sarcomas in general,
fields in which PSI has established itself as a European central
referral center.

Long-term clinical results of proton therapy

The eye program in collaboration with the Jules Gonin Hospi-
tal in Lausanne continues to represent the world’s largest
number of eye tumors treated with proton therapy. Overall,
local control in more than 4,800 treated patients and more
than 2000 analyzed patients is around 98%. A more recent
analysis of small Uveal melanomas reveals perfect 100% local
tumor control in patients treated according to our standard
treatment parameters.

For deep-seated tumors treated since 1996 with scanning
technology, which represents the world’s leading technology

Figure 6: A 6-year old girl treated for a brain tumor with
spot-scanning therapy at PSI.

for proton delivery, we were able to analyze long-term success
rates for the first time: for chordomas and chondrosarcomas
of the skull base, 5-year actuarial local control rates were 81%
and 94% (see Figure 7). How do these data compare to con-
ventional treatment technologies and how do they compare
to results of other proton and particle centers? First and fore-
most it means that patients with skull base tumors previ-
ously considered fatal, now have a chance of being cured. In
Figure 8 we compared PSI data to historic data with conven-
tional radiation, other proton centers and results from carbon-
jion treatments. It is notable that PSI data a) confirmed the
excellent results achievable with proton therapy; b) that these
results are superior to conventional radiation treatment; and
¢) that heavy ion data do not show at present additional ad-
vantages. PSlresults appear to be at least equivalent to those
obtained at world-renowned cancer centers, for example at
the Massachusetts General Hospital, USA.

Proton therapy for childhood cancer

Today, the overall cure rate for pediatric cancer is about
70-80%.[5] Therefore the functional outcome after cancer is
of greatest importance. However, in children growing organs
are very sensitive to radiation injury. The development of
secondary cancer is also of major concern [6]. With proton
therapy, doses to normal tissues surrounding a target can be
significantly reduced, decreasing the risk for both late toxic-
ity and secondary cancer.[7]

In 2003 a pediatric proton therapy program was established
focusing specifically on very young children. In cooperation
with Zurich University’s Children’s Hospital, we instituted a
clinical program that could meet the challenges of pediatric
cancer care combining chemotherapy with proton irradiation,
with general anesthesia during proton therapy at PSI. In ad-
dition, consultant services for multi-institutional European
sarcoma and brain tumors groups were established. At present,
more than 70 children from eight European countries have
been treated at PSI with spot-scanning proton therapy (Figure
6). Approximately 50% were infants and babies requiring
anesthesia. Sarcomas of the head or neck region were most-
ly treated, and more recently —and increasingly — brain tumors.
All acute and late side-effects of proton radiation therapy were
documented and quality of life investigations were carried
out. So far, tumor control rates of about 80% have been
achieved.

The Swiss Cancer League considered this work important
enough to grant financial support. Multidisciplinary treatment
protocols for child malignancies in Europe have started to
implement proton radiation therapy in their treatment guide-
lines. The pediatric patient population will remain a major
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Figure 7: Local tumor control in 64 patients with either Chordoma
(42) or Chondrosarcoma (22) of the skull base treated with
Proton Therapy at PSI between 1998 and 2005.
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Figure 8: Comparison of PSI's local control rates with photon-RT,
other proton centers, and carbon-ions.

focus of the CPT at PSI. Collaborations with national and in-
ternational study groups are to be strengthened and ex-
panded.

Outlook for 2008 and conclusion

On the technological side the focus will be the transition of
the eye program from the OPTIS area and Injector-1 to the
newly designed OPTIS2 area in connection with the COMET
cyclotron. The completion of the installation of Gantry-2 will
require the ongoing collaboration of various groups within
PSl as will the continued development of the various controls
and safety components, the new treatment planning system
and the next generation scanning system.

We plan to continue treating diseases and tumors as we have
successfully demonstrated in the past. However part of our

focus will shift towards evaluating proton therapy for more
common diseases and the application of scanning technology
in mobile tumors. One example for more common diseases is
the evaluation of breast cancer as part of a joint program with
the Department of Radiation Oncology at Aarau’s cantonal
hospital. Treatment planning comparisons show that proton
therapy is likely to benefit young women with loco-regional
disease (that means the breast cancer involves not only the
breast tissue itself but has spread to regional lymph nodes)
the most. Examples of “mobile” tumors are tumors that change
their position depending on the status of inspiration or expi-
ration of the patient. These include liver tumors and some
types of inoperable lung cancer.

In conclusion, 2007 was a year of marked progress and change
at the CPT, thanks not only to the initiative of its team but
also to the contributions from many other PSI groups as well
as the continued support from the PSI management. We are
aware of the importance of maintaining the balance between
offering proton therapy to as many patients as possible but
to also provide resources and focus on the essential mission
of the Paul Scherrer Institute, which is and will remain tech-
nological innovation. The CPT is looking forward to pursuing
research and development, the translation of product develop-
ment into clinical practice as well as routine patient treat-
ments, which combined help a unique department progress
scientifically.
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Strategy and highlights of General Energy research

Alexander Wokaun, Samuel Stucki, Aldo Steinfeld, Peter Jansohn, Giinther Scherer, Urs Baltensperger,

Research Department General Energy, PS/

The General Energy department continues to pursue three strategic lines of research. Advances in the production

of energy carriers from biomass and solar energy have been achieved both at the fundamental level and at pilot

plant scale. Our second focus, efficient energy utilization, promotes the use of fossil fuels with the lowest emissions

(Low NOx gas turbines, after-treatment for Diesel engines), and electrochemical conversion. The third line of research

investigates future energy use scenarios as well as their consequences on the environment and society.

Energy carriers from renewables

Among renewable options for energy vectors that are suitable
for technological applications, General Energy focused on
biomass and solar energy.

An important milestone in the utilization of wood energy for
methane production was reached with the start of construction
of a 1 MW pilot plant in Glssing, Austria. For biomass with
high water content, a breakthrough was achieved with respect
to nutrient separation and recovery under hydrothermal con-
ditions, paving the way for a new type of biogenic energy
production we call the SunChem process.

The concept of storing concentrated solar energy via high-
temperature endothermic processes is approaching technical
realization. We are now investigating the solar upgrading of
low-value carbonaceous materials of fossil or biogenic origin.
Our long-term water splitting project, the solar reactor technol-
ogy for the Zn0/Zn thermochemical cycle, was demonstrated
experimentally at the 10 kW scale.

Energy, environment and society

The Atmospheric chemistry unit has obtained important results
concerning ultrafine particles. Detailed chemical analysis by
aerosol mass spectrometry has helped to attribute appropri-
ate fractions of aerosol pollution to traffic, wood combustion,
and other sources. Energy system analysis, a joint laboratory
of the General Energy and Nuclear Energy and Safety depart-
ments, had a strong focus on analyzing scenarios for the
development of the Swiss, European and global energy sys-
tems, including the potential role of hydrogen. Highlights from
these two laboratories are found on pages 74-79.

Energy and Material Cycles

Biomass and fuel processing research activities of the Labora-
tory for Energy and Materials Cycles have been integrated in
the framework of the Competence Center for Energy and
Mobility (CCEM) during the past year.

Using our fluidized-bed catalytic methanation test rig at the
Glissing plant, we have been able to show that this type of
reaction can be sustained on real wood gas without deactiva-
tion if sulfur is removed from the feed.

Work on producing renewable methane using microalgae has
begun. The process is based on a closed system that includes
a photo-bioreactor for the growth of the algae and hydrother-
mal gasification as a means of recovering methane.

The super-XAS beam-line was installed and commissioned in
2007. The beam-line features infrastructure that makes it
particularly suited for spectroscopic studies of catalyst ma-
terials in operando.

Solar Technology

Thermochemical production of solar fuels is the Laboratory for
Solar Technology’s research focus. We report on the latest
developments in solar chemical reactor technology for the
thermal dissociation of ZnO at 2000 K, part of a two-step water-
splitting cycle for solar H, production. Successful tests were
carried out at PSI’s solar simulator with a 10 kW solar reactor
prototype, with feed cycles of ZnO particles subjected to peak
radiative fluxes exceeding 5800 suns. Zn(g) and O, products
were quenched, preventing recombination and allowing the
downstream collection of particles with high Zn content. The
transition path to solar hydrogen is also being pursued thanks
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Figure 1: The combination of laser induced fluorescence with particle induced velocimetry provides access to the local heat balance.
In developing methods for the efficient, low NOx combustion of synthesis gas, this information is important to assess flame stability
and to suppress thermoacoustic oscillations.

to the solar decarbonization of fossil fuels via cracking, reform-
ing, and gasification processes. In particular, the solar upgrade
of low-value solid carbon-based materials offers a viable route
for CO, avoidance. For solar energy conversion, research em-
phasis is on the analysis of radiation heat exchange in multi-
phase reacting flows, applied in the design and optimization
of high-temperature thermochemical reactors.

Combustion Research

Ourwork focuses on systems that offer the highest efficiencies
and lowest emissions, i.e. gas turbines and combustion en-
gines. Besides applied research projects, the basics of phys-
ical-chemical mechanisms for “near zero emission” fuel con-
version are being studied.

In 2007 the infrastructure to study dynamic molecular proper-
ties was established at the SLS. Laser diagnostics were used
to study the combustion of lean premix syngas (H»/CO) flames.
New zeolite-based catalysts with high-temperature stability
are also being considered to combine selective catalytic reduc-
tion of NOx with particulate filtration. A new SCR effect on
diesel soot was found in the presence of NO,, with an enor-
mous impact on the design of smaller catalytic systems for
the next generation of diesel vehicles.

Electrochemistry

Progress in electrochemical energy conversion and storage is
based on progress in electrochemical materials science. The
development of electrode materials for Li batteries is progress-
ing towards better performance without compromising safety.
The fundamentals of charge storage have also been investi-
gated in single wall carbon nanotubes for application in super
capacitor electrodes.

These advances were often based on ex situ and in situ char-
acterization of these materials at PSI’s large facilities SLS and
SINQ, utilizing their most advanced beam lines, and on some
unique diagnostic methods available within the laboratory.

Implementing results

Many of the applied research projects are carried out in col-
laboration with industry, to ensure a targeted approach and
efficient application of the result. The Competence Center En-
ergy and Mobility of the ETH Domain (cf. pp. 64—65), for which
PSl is the leading house, plays a crucial role in this respect.
With 19 approved projects, and the laboratory hall for hosting
project infrastructure approaching completion, the Center and
the Department are set for a dynamic start in 2008.
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In situ visualization of nutrient salt separation
from biomass in supercritical water

Frédéric Vogel, Laboratory for Energy and Materials Cycles, PSI; Peter Vontobel, Spallation Neutron Source, PSI;

Andrew A. Peterson, Jefferson W. Tester, Department of Chemical Engineering, Massachusetts Institute of

Technology

Wet biomass streams (e.g. manure, sewage sludge, food wastes) could contribute ca. 4 E) (or 6 %) to primary

energy consumption in Europe if converted efficiently into methane. Because conventional technologies show

low conversion efficiencies for these types of biomass streams, PSl is developing a novel process that is capable

of reaching 65-70 % net efficiency. In addition, nutrient salts can be recovered as concentrated brine and used

as fertilizer. Key information on salt separation was obtained recently by neutron radiography.

Introduction

One of the most challenging steps in biomass utilization for
energy purposes is the separation and recovery of nutrients.
Conventional thermal processes concentrate most nutrients

CH,,
manure, co,,
milled wood water H2

Y

reactor

supercritical
water salt
separator

nutrient salt
(fertilizer) recovery

Figure 1: Schematic representation of PSI’s catalytic hydrothermal gasifica-
tion process (excluding heat exchangers and gas/water separation).

as oxides in the ash, but nitrogen escapes into the air as N».
Biological processes such as anaerobic digestion produce a
nutrient-rich sludge or aqueous by-product stream, which is
still highly loaded in organics due to an inability to digest
lignocellulosic constituents. To increase the efficiency of nutri-
ent transfer to plants, a readily available and concentrated
formis needed. Catalytic hydrothermal gasification at around
400 °C and 30 MPa is one novel process being developed at
PSl to efficiently convert biomass into a methane-rich gas in
supercritical water [1,2]. A key step is the separation of salts
from the liquid biomass stream by taking advantage of their
very low solubility in supercritical water. A simplified sketch
is shown in Figure 1.

Salt precipitation

A test rig was built to study the precipitation and separation
of salts from supercritical water in situ using PSI’s neutron
radiography facility NEUTRA. In two experimental campaigns
both salt precipitation and flow features in the high-pressure
separator were visualized. The pressure vessel was made of
nuclear-grade Zircaloy-2, which is essentially transparent to
neutrons. The fluid containing the dissolved salts enters the
separator vessel by a dip tube at the top and leaves the vessel
through the exit port on the top right-hand side. In the vessel,
where it is pressurized and heated above the critical point of
water (i.e. 374 °C, 22.1 MPa), the salt stream mixes with the
hotter fluid, which leads to a rapid precipitation of the salt.
As visualized in Figure 2, salts that form a solid phase at study
conditions (e.g. Na,S0,) tend to stick to the dip tube and the
vessel walls, which is undesirable [3].
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Figure 2: Build-up of solid Na,SO, around the dip tube inside the
separator, finally leading to a vessel blockage (405 °C, 30 MPa;
Feed: Na;SO, + Na;B407 in D,0; 15 s shutter time).

Flow visualization

Important information for characterizing salt separation in-
cludes the penetration depth of the cooler salt-containing feed
stream. This is visualized in Figure 3 using a fast series of
images. The shorter shutter time of 1 s versus 15 s in Figure 2
leads to lower resolution in the images, but the main features
can still be seen. 5 mL of salt-free H,O were injected into the
heated vessel filled with D,0. The strong difference in neutron
absorption and scattering between light water and heavy
water makes it possible to visualize areas with more H,0. The
dark red area in the center is formed by the cooler and
denser H,0 exiting the dip tube. In the yellow areas the H,0
has mixed with the surrounding D,0 to some extent. At this
early point shown in Figure 3, the H,O tracer had not yet
traveled very far into the vessel.

These results were used to identify the best operating condi-
tions for the salt separator, leading to precipitation free of
blockages. The concentrated salt brine that accumulates at
the bottom of the separator can be withdrawn continuously,
and the salt-depleted stream is suitable for gasification in a
catalytic reactor. Our studies have shown that sulfate ions in
particular are very toxic for catalysts [4]. By separating the
salts before the catalytic reactor, catalyst deactivation is less
likely.

Figure 3: Snapshot of the distribution of H,O injected as a tracer
pulse into the high pressure separator filled with D,O (400 °C,
30 MPa; 1 s shutter time).
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Technological advances in the two-step
H,O-splitting thermochemical cycle

Lothar Schunk, Daniel Gstohl, Peter Haberling, Daniel Wuillemin, Anton Meier, Solar Technology Laboratory, PSI;
Aldo Steinfeld, Dept. Mechanical and Process Engineering, ETH Zurich, and Solar Technology Laboratory, PSI

The latest developments in solar chemical reactor technology for thermal dissociation of ZnO at 2000 K are
presented here. The solar reactor features a rotating cavity-receiver lined with ZnO particles directly exposed
to concentrated solar radiation. With this setup, ZnO serves simultaneously as radiant absorber, chemical reac-
tant and thermal insulator. Experimentation was carried out at PSI’s High-Flux Solar Simulator with a 10 kW
reactor prototype subjected to peak radiative fluxes exceeding 5800 suns and operated over four hours in a
transient ablation mode with semi-continuous feed cycles of ZnO particles. In a parallel development, Zn(g) and
0, products were quenched at cooling rates of 120,000 K/s, preventing recombination and allowing the down-

stream collection of particles with 94% Zn content.

Solar-driven water-splitting thermochemical cycles offer the
potential of energy efficient large-scale production of hydrogen
[1]. Of special interest is the two-step cycle based on the
Zn0/Zn redox reactions, comprising: (1) endothermic thermal
dissociation of ZnO(s) into Zn(g) and O, at above 2000 K using
concentrated solar energy as the source of process heat; and
(2) exothermic hydrolysis of Zn to form Hy and ZnO(s). The 2
step of the cycle has been experimentally demonstrated using
an aerosol-flow reactor for in-situ formation and hydrolysis of
Zn nanoparticles [2]. For the 1%t step, the proposed chemical
reactor concept is based on a rotating cavity-receiver lined
with ZnO particles that are held by centrifugal force and di-
rectly exposed to high-flux irradiation. With this arrangement,
Zn0 serves simultaneously as radiant absorber, chemical
reactant, and thermal insulator.

Solar chemical reactor design

A schematic of the 10-kW solar reactor configuration is de-
picted in Figure 1[3]. Its main component is a 160 mm-diam-
eter rotating cylindrical cavity composed of sintered ZnO tiles
on top of multi-layer Al,05-Si0,-Y>03-based ceramics for
thermal shock resistance, mechanical stability, gas diffusion
barrier, and thermal insulation. Concentrated solar radiation
enters the cavity through a 60 mm-diameter windowed aper-
ture. The reactor has a dynamic feeder that extends and
contracts within the cavity, and enables to evenly spread out
alayer of ZnO particles that are held by centrifugal force. Inert
gas (Ar) is injected through nozzles located around the aper-
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Figure 1: Schematic of the solar chemical reactor configuration.

ture, creating an aerodynamic curtain (optimized by CFD) that
protects the window from condensed Zn(g). Gaseous products
Zn(g) and 0, exit the cavity through a water-cooled annular
gap, referred to as the “quench unit”.

Experimentation

Experimentation was carried out at PSI’s High-Flux Solar
Simulator (HFSS) [4]. This unique research facility has an array
of 10 Xenon arcs, each close-coupled with truncated ellipsoi-
dal specular reflectors of common focus, and provides an
external source of intense thermal radiation (radiative power
> 50 kW, radiative power flux > 11,000 kW/m?) that closely
approximates the heat transfer characteristics of high-con-
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Figure 2: Experimental set-up of the solar reactor and peripherals
at PSI’s High-Flux Solar Simulator.

centration solar arrays. The experimental set-up is schemati-
cally shown in Figure 2. The radiative power input through the
reactor’s aperture was in the range of 1.6-9.9 kW, with a peak
solar concentration ratio of 5880 suns (1 sun = 1 kW/m?).
Figure 3 shows the power input, cavity temperature (behind
the ZnO tiles), and O, molar flow rate in the product gases
measured during a four-hour experimental run with nine feed
cycles of 131 g of ZnO each. To avoid feeder overheating, the
power input was interrupted briefly (~50 s) during each feed-
ing cycle. The reactor was operated under so-called “ablation”
mode, where the rate of heat transfer — predominantly by
radiation — to the thin layer of ZnO particles undergoing en-
dothermic dissociation proceeds faster than the rate of heat
transfer — predominantly by conduction — through the cavity
walls.

Quench unit — Rapid cooling to avoid recombination of Zn(g)
and O, exiting the solar reactor was investigated using on-line
thermogravimetry coupled to a quenching apparatus, shown
in Figure 4 [5]. It features three zones: 1) an inlet hot zone,

A foed-oycles of 131 g Znd each

O, rate [mole - ' 10°%)

Temperature behind Znd-iles (K]

ik

14500 18000
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Time (s}

Figure 3: Radiative power input, cavity temperature, and O
molar flow rate measured during a solar run with 9 feed cycles
of 131 g ZnO each.

incorporated at the exit of the solar reactor, where the wall
temperature is kept above the ZnO dissociation temperature;
2) a transition zone still above the Zn(g) saturation tempera-
ture where an annular Ar flow (AF) impedes Zn(g) /0, diffusion
to the walls; and 3) an outlet cold zone with water-cooled
walls, where the injection of Ar quench gas (QF) sharply de-
creases temperatures and slows the oxidation kinetics. Meas-
ured cooling rates ranged from 20,000 to 120,000 K/s. Zinc
content of the particles collected downstream varied in the
range 40-94 % for Ar/Zn(g) dilutions of 170 to 1500.

Hot Zane ;Tranﬁilh:m Cold Zane
T>Trn0d V2006”7 Tznast  TZnaat™!
Znig) Oy Znig), O Zn{l;g}, Oy

Figure 4: Schematic of the quench apparatus illustrating the three
temperature zones (AF: annular flow; QF: quench flow).
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Combustion of syngas for power generation

J. Mantzaras, Y. Ghermay, S. Daniele, P. Jansohn, Combustion Research Laboratory, PS/

The importance of robust, low-emission gas turbine combustion systems for highly reactive, hydrogen-containing

fuels (e.g. syngas) is growing rapidly, due to increased interest in power generation with gasification

processes using biomass, coal or tars. These integrated power systems potentially offer lower CO, emissions

and reduced dependency on natural gas or oil-based fossil fuels if combined with fuel gas decarbonization. The

present work summarizes experimental results on syngas gas phase combustion and numerical simulations of

syngas hetero-/homogeneous combustion.

Syngas consists of hydrogen (H,), carbon monoxide (CO) as
well as diluents such as nitrogen (N,), and its chemical com-
position varies according to the specific feedstock (e.g. bio-
mass, coal, tar) and gasification process. Syngas combustion
properties are characterized by very high flame speeds, a wide
range of flammability limits and short ignition delay times [1]
which all contribute to a high risk of flashback phenomena.
Low-emission syngas fuel combustion is challenging due to
the difficulty in achieving the right mix before combustion.
The risk of flashback and associated overheating of burner
components places tight constraints on burner design.

Mixture Vol % Simulated Process
1 | H2-CO-CHq 20-20-60 natural gas / co-firing
2 | H;-CO 50-50 oil gasification
3 | H,-CO 33-67 coal gasification
4 | H-CO-N; 40-40-20 biomass gasification;
air blown gasification

Table 1: Investigated Syngas Mixtures.

Lean premixed combustion is currently the favored method
for low-emission power generation from natural gas used in
stationary gas turbines. Homogenous mixing of fuel and air
combined with ultra-lean operation ensure a lower flame
temperature and are key to minimizing NOx formation. Cata-
lytic combustion can be a viable alternative for syngas or
syngas rich fuels, and seems particularly well suited for syn-
gas based fuels with a low calorific value. Depending on the
chosen power generation cycle, the fuel can either be syngas
with varying H,/CO composition, or a mixture of syngas and
natural gas diluted with oxidation products [2].

Our latest work focuses on homogeneous (gas phase only)
combustion of syngas and a theoretical investigation of syn-
gas catalytic combustion. In the latter case, the combustion
characteristics are investigated in a tubular channel (diam-
eter 1.2 mm and length 75 mm) using 2D steady and transient
computer codes with detailed hetero /homogeneous chem-
istry, transport, and heat transfer mechanisms in the solid [3].
Simulations were carried out for syngas compositions with
varying H, and CO contents, pressures of 1 to 15 bar, and
linear velocities relevant to power generation systems. The
homogeneous syngas combustion experiments were per-
formed in a generic, high-pressure combustor (400 kWyp). The
combustor [4] has complete optical access and is designed
to study turbulent, lean premixed flames at pressures up to
30 bar.

Homogeneous (gas phase) combustion of syngas

NOx emissions for a wide, representative set of operating
conditions are presented in Figure 1 [5]. For “pure” syngas
mixtures (without methane) the NOx emission data are con-
tained in a narrow band that shows the expected exponential
trend in dependence on the adiabatic flame temperature, in
line with the characteristics of thermal NOx production. The
small difference in NOx emission between the three H,/CO
mixtures can be attributed to slightly lower adiabatic flame
temperatures (AT=30K) for the mixture with N,-dilution (simu-
lating air-blown biomass gasification).

Concerning “pure” syngas mixtures, the upper operational
limit of the adiabatic flame temperature was determined by
flashback occurrence. It was only with low turbulence inlet
conditions (no turbulence grid in the fuel supply pipe) and
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Figure 1: NOx emission and operational range for all investigated
syngas mixtures at several conditions.

moderate operating pressure (5 bar) that syngas mixtures
could be operated up to equivalence ratios of ®=0.45 cor-
responding to adiabatic flame temperatures around 1950K.
With a turbulence grid in place, the operational range was
strongly limited (@nasnback=0.35). Further tests are under way,
and a detailed discussion of flashback phenomena for syngas
fuel mixtures will be presented in future publications.

Heterogeneous (catalytic) combustion of syngas

For channel flow reactor studies, it was shown that the homo-
geneous (gas phase) chemistry of both H, and CO cannot be
neglected at elevated pressures, even within the very large
geometrical confinements relevant to practical catalytic reac-
tors. The diffusional imbalance of hydrogen can lead, depend-
ing on its content in the syngas, to superadiabatic surface
temperatures (see Figure 2) that may endanger catalyst and
reactor integrity. On the other hand, the presence of gas phase
hydrogen combustion moderates the superadiabatic wall
temperatures by shielding the catalyst from the hydrogen rich
channel core and reducing heterogeneous conversion that is
responsible for wall superadiabaticity.

Based on the previous results, strategies for reactor thermal
management are being developed, which include reactors
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Figure 2: Computed profiles of catalytic (C) and gas phase (G)
conversion rates of H, and CO, and surface temperature (Tx).
Inlet temperature: 600 K. Tad: adiabatic equilibrium tempera-
ture.

with smaller geometrical confinements (larger channel radii)
to promote homogeneous hydrogen combustion at the ex-
pense of catalytic combustion.
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A closer look into the heart
of electrochemical cells — a few examples

Giinther G. Scherer, Pierre Boillat, Ingo A. Schneider, Michael Bayer, Felix N. Biichi, Mathias Reum, Petr Novak,

Pascal Maire, Werner Scheifele, Electrochemistry Laboratory, Research Department General Energy, PSI;

Eberhard Lehmann, ASQ, Research Department Neutrons and Muons, PS/

Electrochemical energy conversion and storage devices offer unique properties - high efficiency, environmen-

tal friendliness, and modularity. They are used as components in applications ranging from stationary to mobile

and portable energy supply. To meet market demand, the performance and cost competitiveness of these de-

vices have to be improved continuously. Advanced diagnostic tools developed in-house give an insight into

processes occurring in these devices. Relevant spatial dimensions range typically from few nm (catalyst or

electrode grains) to meters (stacks), whereas time scales range from ps (current steps) to hours (cell equilibra-

tion).

Electrochemical energy conversion and storage devices, —
fuel cells or batteries — are complex macroscopic chemical
reactors. Charge, mass, and heat transfer are part of the proc-
esses occurring “in their heart”. Current-voltage characteris-
tics yield an overall picture of the performance and changes
over time; however, they provide no insight into the proc-
esses occurring at different spatial and time scales. A major
research area during recent years has been the development
of advanced diagnostic tools allowing us to take a closer look
into the heart of these cells.

Polymer electrolyte fuel cells

Water management of PEFCs, or water distribution within the
membrane-electrolyte assembly (MEA), is of vital importance
for performance. Considerable progress was achieved during
the past year in determining water distribution across the MEA
under varying operation conditions using the ICON beamline
of PSI’s SINQ neutron source [1]. The correlation between
operational parameters (gas flow, relative humidity) and
water distribution was studied: at middle humidification
levels (Figure 1b), water mainly concentrates under the ribs
on the cathode side while at higher humidification levels
(Figure 1¢), the distribution is more homogeneous. Conditions
that were either too dry (Figure 1a) or too humid (Figure1d)
had a clear impact on cell performance.

Water distribution in the membrane is affected by the channel-
rib geometry of bipolar plates, necessary for the distribution
of reactants. As a consequence, the local membrane resistance

Membrana

Gas diffusion layers (GOL)

A erngn water eantant [&.u]

Figure 1: In plane Neutron Radiograms (2.5 pm per pixel
perpendicular to membrane) of a PEFC showing the water
distribution at 1A/cm? for different inlet relative humidities at
the anode/cathode: (a) 60%/0% (b) 110%/40% (c) 90%/ 110%.

is also affected. These variations could be detected by sub-mm
resolution current distribution measurements at different
levels of relative humidity (rh) (Figure 2) in model cells[2] and
contribute to the understanding of flow field geometries as
well as specific materials properties (conductivity, porosity,
wetting, etc.) of gas diffusion materials [3]. Water management
in particular can be optimized with respect to bipolar plate
structures and operating conditions.

Changes in water distribution within a membrane undergoing
aload change (stepwise increase in current) can be monitored
by local measurements of the high frequency resistance along
the flow field. The local transient behavior of membrane resist-
ance under “dry” conditions (dry O, r.h. H> 40%, Nafion 111
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Figure 2: Sub-mm resolved resistance measurements of
membrane under channel and rib at different relative humidity
(rh). Current density 400 mA/cm?; Tcell = 70 °C; p = 1.5 bar..
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Figure 3: Locally resolved (9 segments, 63 cm? active area)
transient response of the hf resistance (5 kHz) in a nine-fold
segmented PEFC with linear flow field, after a stepwise increase
in current from 0.1 to 0.8 A/cm?.

membrane) was demonstrated for the first time (Figure 3) in
a nine-fold segmented cell with linear flow field [4]. Local re-
sponse is determined by two processes: i) depletion in water
content at the anode due to higher electroosmotic drag from
the anode to the cathode after the step, and ii) higher water
production rate at the cathode and transport of water back
into the bulk of the electrolyte.

The results show that even for a thin membrane (25 pm) the
high frequency resistance increases locally within a few hun-
dreds of milliseconds after the step as a consequence of anode
drying. Yet, as product water starts to rehydrate the anode
the resistance reaches a maximum and then decreases with-
in a time frame of around 10 s as a consequence of the improv-
ing hydration state of the membrane at an overall higher
current density.
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Figure 4: Locally resolved state of charge of a carbon-based
anode.

Lithium-ion batteries

Lithium-ion batteries use graphitic carbons as intercalation
material for the negative electrode (anode). The electrode is
comprised of a mixture of electronically interconnected par-
ticles. Inhomogeneities in lithium distribution can develop
during repeated charge cycles. The state of charge of graph-
itic carbons reflects itself in a different color, ranging from
“gold” for a 100 % value for the state of charge to more or
less “dark” for a 50 % value.

A homogeneous charge distribution state over all particles
would be favorable, in order to achieve the optimal possible
charge density for the respective electrode potential. A novel
colorimetric method has been developed that analyses the
color of the electrode surface and allows the determination
of the local charge (Figure 4) [5]. These results are important
for the evaluation of the cycling stability of lithium-ion bat-
teries.
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Competence Center Energy and Mobility CCEM -
first results from an active research network

Philipp Dietrich, Alexander Wokaun, PS/

In the second year of operation of the Competence Center Energy and Mobility CCEM, a new series of projects

was funded, and initial results were obtained in several other projects. The investment projects have progressed

from planning to the realization phase, and in 2008 the facilities will be available to research groups. The col-

laboration with two Universities of Applied Sciences could also be formalized to foster the contribution of research

groups from these institutions. On several occasions, CCEM also contributed to the energy debate in Switzerland.

Among the most visible actions is CCEM’s scientific contribution to the “Energie-Trialog-Schweiz”.

CCEM has completed its second year of operation. The creation
of research consortia and capacity building dominated ac-
tivities. With new projects launched in the second and third
calls for proposals, the CCEM’s available financial capacity
was fully engaged. Seventeen projects in the fields of mobil-
ity, electricity and construction as well as renewable fuels were
approved and launched. All institutions of the ETH-domain
are represented in these projects. Beside industrial contribu-
tions, several Universities of Applied Science (UAS) are integral
project partners as well. To finance the contributions of the
UASs, framework agreements have been signed with some
schools.

From the PSI perspective, these activities are well connected
with the research activities of the departments of General
Energy research and Nuclear Energy and Safety.

First results of collaborative projects

Cross-institutional collaboration is well established. Two ex-
amples to highlight this: The first joint Master between ETH
Zurich and EPF Lausanne could be established. For this Nu-
clear Engineering master program, both schools and PSl are
collaborating for teaching purposes.

As part of the project for cost-efficient thin-film photovoltaics,
a discussion platform involving all major research groups
pursuing the different thin-film technologies as well as indus-
trial companies active in the field, was established. The goal
is to exchange and foster techniques that are valuable for all
or some of the participating groups.

In the field of mobility, where eight projects have been
launched, PSl is participating in five of these. In the HY.MUVE

Figure 1: Municipal vehicle to be converted and the fuel cell
powertrain for enabling local emission-free operation.

project a team from EMPA and PSl is developing and testing
a municipal vehicle with a hydrogen-based fuel cell system
(Fig 1.). The system layout has been finalized, and the poten-
tial for energy consumption reduction has been simulated
compared to the current series production version with an
internal combustion engine. Based on these simulations, the
two hydraulic circuits of the vehicle will be substituted by
electric ones.
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In the field of renewable fuels the project “Second Generation
Biogas — new pathways to efficient use of biomass for power
and transportation” aims to demonstrate the technical feasi-
bility of new highly efficient process paths to pipeline-grade
methane from a very broad range of biomass (wood, solid
agricultural residues, manure, sludges etc.) with a team from
PSI, EMPA, EPFL, ETHZ, EAWAG and WSL

In the field of electricity production seven projects have been
launched; PSl is contributing to four of them. In the project
named “Computational Engineering of Multiscale Transport
in small-scale surface based Energy Conversion” (CEMTEC),
a team from ETHZ, EPFL, PSI and EMPA is developing a nu-
merical tool to simulate multicomponent reacting flows in
porous media, with specific applications in solid oxide fuel
cells (SOFC) and microreactors for portable power generation.
The collaboration among different partners will provide the
numerical groups with the data needed for the implementation
and validation of new accurate models. In 2007 a new, com-
plete and systematic array of Lattice Boltzmann models was
derived, implemented and tested, with a specific focus on
compressible flow simulation, simulation of microflows beyond
continuum physics, and extensions to include surface-based
chemical reactions of multicomponent mixtures.
Furthermore, a study of reforming activity of rhodium nano-
particles was completed based on the experimental investiga-
tion of a reacting multicomponent flow in porous micro reac-
tors. The acquired data about reaction kinetics will serve as
a basis for the validation of computational models of SOFC
porous anodes. A macroscopic model of SOFC anodes with
internal reforming of the steam/methane mixture has been
developed utilizing a Computational Fluid Dynamics (CFD)
software package.

A new method to make Ni-cermet SOFC anodes, molten car-
bonate fuel cell anodes and fuel processing catalysts less
sensitive towards sulphur was also invented, and the manu-
facture of these catalysts developed. Chemical speciation of
sulfur on a set of pristine and operated SOFC anodes was
carried out using S(1s) X-ray absorption spectroscopy.

In the heat and buildings field two projects are underway. One
of the two projects is dedicated to improving the energy effi-
ciency of buildings undergoing renovation, whereas the second
project is investigating technologies for new constructions.

New facilities

A nano-indenter and a focused ion beam (FIB) have been in-
stalled at PSI in laboratories that handle radioactive sub-
stances. At EMPA, an indentation device for a scanning electron

Figure 2: Entropic Lattice Boltzmann simulation of the three-di-
mensional Kida-vortex flow at Re=20000. Iso-vorticity surfaces
at the peak of enstrophy are presented on a512x512x512 grid.

microscope (SEM) and a dual-beam FIB prototype have been
installed. With this equipment, material behavior of micro-
meter-sized samples can be analyzed. Other groups than those
who host the installation can also use the facilities. Planning
for a second investment, a new dynamometer test bench for
heavy-duty truck engines at EMPA, was completed. Construc-
tion of the building started in autumn 2007. Start of operations
is planned in summer 2008. A third investment is the research-
facility for large engines (a 1.2 MW Engine) to be installed at
PSI. The construction of a test bench shall be finished in
2008.

Interaction with society

The discussion on energy use and its perspectives, as well as
its interaction with climate, intensified in 2007. Experts of the
CCEM-network made many scientific contributions to a more
factual dialogue. In particular, CCEM contributed substantial
input to the “Energie-Trialog-Schweiz”, an initiative to explore
a road map for the future Swiss energy supply mix. This ini-
tiative tries to foster the understanding between society,
economy and science.
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Monitoring the embrittlement of reactor pressure
vessel steels by using the Seebeck coefficient

Markus Niffenegger, Laboratory for Nuclear Materials, Nuclear Energy and Safety Department, PS|

The degree of embrittlement of a reactor pressure vessel (RPV) limits the lifetime of a nuclear power plant (NPP).
Therefore the neutron-irradiation-induced embrittlement of RPV steels demands accurate monitoring. Current
federal legislation requires a surveillance programme in which specimens are placed inside the RPV for sev-
eral years before their fracture toughness is measured (by notched-bar impact testing). The INTEGER project
aims to find alternative, non-destructive diagnostic methods for the prediction of material degradation, such as
embrittlement, by measuring changes in specific material properties. Changes in the thermoelectric properties
of the material due to irradiation is one such alternative. Consequently, the Seebeck coefficient (S) of several
specimens irradiated by neutrons with energies greater than 1MeV, and with fluences ranging from 0 up to
4.5-10% neutrons per cm?, were measured [1]. Within this range, it was observed that S increased by =~ 500 nV/°C,
and a linear dependency was noted between S and the temperature shift AT, of the Charpy energy vs. tem-
perature curve, which is a measure for the loss of fracture toughness. The conclusion is that the change in S has

the potential for non-destructive monitoring of the neutron embrittlement of RPV steels.

Embrittlement of the RPV due to
neutron irradiation

The RPV of a nuclear reactor is one of the most important
safety barriers between the fuel and the environment. Therefore,
making sure it retains its integrity is of vital importance. Irra-
diation of RPV steels with a neutron fluence ¢ > 10" n/cm?, and
with energies above 1 MeV, may result in defects in the mate-
rial, leading to an increase in yield strength and a decrease in
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Figure 1: Charpy energy vs. temperature for un-irradiated,
irradiated (1), and irradiated-annealed-re-irradiated (IAR)
specimens [2].

fracture toughness (embrittlement). As part of the surveillance
programme for NPPs, this toughness is measured by means of
the energy absorbed when breaking a V-notched specimen (i.e.
Charpy energy). This fracture energy is measured as a function
of temperature, yielding a Charpy-energy vs. temperature curve.
The curve has a steep slope at the temperature where the
material goes from ductile to brittle. Material embrittlement
can be represented by the shift, AT,y of the ductile-to-brittle
transition zone. Since a failure of the RPV would result in an
accident, the lifetime of a NPP is ultimately limited (among
other factors) by its approved minimum fracture toughness.
The Charpy energy vs. temperature curves for two sets of
Japanese RPV steel (according to ASTM 533 B Cl. 1) is shown
in Fig. 1. Set | (irradiated) was irradiated with fluencies from
zero up to $=5x10'° n/cm?. A second set IAR was irradiated
up to $=2.5x10% n/cm?, then annealed (18h at 460°C) before
being re-irradiated up to 4.5x10% n/cm?. The shift of the
transition temperature, AT41), between the ductile and brittle
regimes was measured at a Charpy energy of 41).

Correlation between Seebeck coefficient and
material embrittlement

The thermo-electric Seebeck effect, often employed for meas-
uring temperatures with thermocouples, has been considered
as a possible non-destructive method for diagnosing mate-
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Figure 2: Measured Seebeck coefficients for irradiated (1) and
irradiated, annealed and re-irradiated (IAR) specimens.

rial degradation. In our case, the Seebeck coefficient (S) was
measured for two sets of irradiated specimens, | and IAR. As
shown in Fig. 2, S increased monotonously by about 500 nV/°C
due to neutron irradiation with a fluence of 5x10° n/cm?2. This
requires very precise measurements of temperature and
thermo-electric voltage.

Thermo-electrical voltage

In solids, heat is transported by phonons and free electrons.
For metals, the main contribution to thermal conduction results
from the electrons, which are carriers of both thermal energy
and electric charge. This means that thermal and electric cur-
rents are coupled, with the consequence that an electric
current accompanies heat transfer. This is the origin of the
Seebeck effect, the manifestation of which is the generation

of a thermo-electric voltage that follows
1 ! T

1
U= (E()x = f des(r,x) 2L - f S(T,x) dT = S(T} - Ty)

0 0 o T,
the path of the temperature gradient dT/dx between points O
and 1. The quantity S(T,x) is the Seebeck coefficient, which
depends on temperature T and location x, while E represents
the accordant electric field. By measuring U and AT=T1-T0,
the average Seebeck coefficient S=U/AT is obtained, which is
a material property that may change due to material degrada-
tion. In practical terms, a temperature difference AT=10°C is
applied between two points and the thermo-electric voltage
U generated between them is measured.
As indicated in Fig. 1, the transition temperature shift AT,y
has been measured at the energy level of 41). In Fig. 3, AT4y
is plotted as a function of the neutron fluence (ATsy=f1(¢)),
and shows a dependency on the fluence similar to that of the
S=f,(¢) shown in Fig. 2.

Figure 3: The shift ATa41, of the transition temperature vs. fluence
for the I and IAR specimens.
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Figure 4: Correlation between ATzq;and the Seebeck coefficient
for the I and IAR specimens.

Figure 4 illustrates the almost linear relationship between
AT,y and S, evaluated for the | and IAR materials. Once
AT41y(AS) is known, the degree of embrittlement can be deter-
mined just by measuring the Seebeck coefficient. This repre-
sents the non-intrusive measuring technique we were seek-

ing.
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The influence of competitive sorption processes on

radionuclide migration

Wilfried Pfingsten, Laboratory for Waste Management, Nuclear Energy and Safety Department, PSI

Reactive transport calculations contribute increasingly to our understanding of geochemical processes occurring

in the vicinity of nuclear waste disposal facilities. Sorption, the dominant retardation process for radionuclides,

competes with the sorption of other ions in solution for the same sites. Recent calculations, taking into account

competitive sorption processes, have shown that radionuclide retardation may be reduced, depending on the

valence of the radionuclide and on the chemistry of the porewater.

Bentonite is likely to be used as a buffer material surrounding
high-level nuclear waste canisters (Fig. 1), due to its capacity
to sorb radionuclides and other cations.

clay hostrock

canister:
Ni source

bentonite buffer

Figure 1: Schematic cross-section through the nearfield of a
high-level nuclear waste repository. The migration path is
indicated by the blue arrow; X indicates the interface for which
the Ni arrival time is calculated.

Radionuclide sorption on bentonite has been measured in
laboratory experiments yielding so-called distribution coef-
ficients, or Kq values, which describe the equilibrium partition-
ing of the radionuclides between the bentonite surface and
the pore water. The greater the distribution coefficient, the
stronger the retardation. The values found are used in calcu-
lations for performance assessment studies of high-level waste
repositories with a single value for each radionuclide, inde-
pendent of other ion concentrations in solution. The uncer-
tainty in individual K4 values is taken into account by making
conservative estimates to define a reference, an optimistic,

and a pessimistic value. The whole geochemical interaction
of any particular radionuclide is then summarized with this
single Kq value.

Recent laboratory sorption experiments with radionuclides
and other ions indicate that competition for sorption sites
exists for equivalently charged metals, influencing radionu-
clide sorption. Since bentonite and its water composition
change over time in the repository, due to interaction with the
surrounding host rock and with the waste canister, the con-
centrations of competing ions also changes. Canister corrosion
will also probably increase the Fe(ll) concentration already
present within the bentonite porewater. The Fe(ll) ion will
compete with transition metals such as Ni(ll), leaching from
the waste matrix, for the same sorption sites and thus reduc-
ing the sorption of these metals (Fig. 2).

Better computer performance now allows radionuclide trans-
port calculations that take into account all other relevant
species in solution — in this case more than 100 — as well as
the different mineral phases and related sorption sites. A
changing pore water composition and/or changing sorption
site occupancies can be automatically included in calculating
the Ni(ll) migration. This procedure takes into account the
near-field evolution of the repository, and describes the com-
plex geochemical system in great detail, using explicit sorption
reactions and mechanistic models, without the need to use
conservative estimates of the Ky values. Furthermore, the
improved radionuclide transport calculations lead to more
robust predictions of repository performance.

For the calculations, the 2-Site-Protonation-Non-Electrostat-
ic-Surface-Complexation / Cation-Exchange (2SPNE SC/CE)
model was included in the reactive transport code MCOTAC
describing multi-species 1-D transport (here diffusion) away
from the waste canister surface through the bentonite; re-
lated data were deduced from laboratory experiments. The
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Figure 2: Competition between Fe?* and Ni?* on three different
sorption sites. Lower Fe?* in solution results in an increased
sorption of Ni?* (right), and vice versa.

Fe(ll) sorption parameters were estimated using the Linear
Free Energy Relationship (LFER) of Bradbury & Baeyens[1], as
implemented in the geochemical database used by MCO-
TAC.

Concentrations of Fe(ll) in the bentonite porewater were
measured by means of careful laboratory experiments, and
determined by the solubility limit of the mineral siderite con-
tained in the bentonite. The results, which show the Ni con-
centration as a function of time at the bentonite-clay interface
(Xin Fig. 1), were compared with simplified calculations using
the Kqg approach, integrating values from the last safety report
[2]. The comparison is shown in Fig. 3.

Applying the mechanistic sorption model for Ni(I) only —i.e.
no competition from other sorption processes — already
yielded a lower retardation of Ni(ll) compared to the optimis-
tic Kq approach. Taking into account competitive Fe(ll) sorption
reduces Ni(ll) retardation by an order of magnitude, i.e. Ni(ll)
arrives an estimated 90000 years earlier at the bentonite
interface to the host rock than in the case when competitive
sorption with Fe(ll) is not taken into account. Nevertheless,
the results of these complex calculations still lie within the
boundary values of the arrival times determined for pessimis-
tic and optimistic Kq values. However, additional competitive
sorption of other bi-valent ions, such as Mn(ll), or further
increases in Fe(ll) concentrations due to canister corrosion,

mineral alteration and secondary mineral precipitation, will
be investigated in order to improve understanding, and to
fully incorporate these processes in performance assessment

studies.
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Figure 3: Calculated Ni?* concentration at the bentonite buffer/
host rock interface. Sorption of Ni(ll) is described by multi-
species reactive transport, including mechanistic sorption
models. A second calculation accounts for the effects of sorption
competition between Ni and Fe. The results from calculations
based on the simple Kq approach using bounding pessimistic and
optimistic Ky values for Ni(ll) are also shown.
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Experimental validation of the reactivity loss of

highly-burnt PWR fuel

Peter Grimm, Michael F. Murphy, Fabian Jatuff, Rudolf Seiler
Laboratory for Reactor Physics and Systems Behaviour, Nuclear Energy and Safety Department, PSI

As nuclear utilities are generally increasing the total energy extracted from the fuel, interest in extending the

validation base for core analysis methods to high burnup is growing. In Phase Il of the LWR-PROTEUS experi-

ments, the reactivity loss of a Pressurized Water Reactor (PWR) fuel has been directly measured by inserting

fresh and burnt fuel samples into a PWR test lattice. Analysis carried out using an industry-standard fuel as-

sembly depletion code shows close proximity between estimated and measured reactivity effects.

With increasing discharge burnup of commercial Light Water
Reactor (LWR) fuel, validation of estimates of fuel reactivity
loss up to high burnup becomes more important for both core
design calculations (used for fuel management and safety
analysis) and burnup credit for the storage and transportation
of spent fuel. Phase Il of the LWR-PROTEUS experimental
programme, carried out in the framework of a collaboration
between PS| and Swiss nuclear utilities, has addressed these
issues by measuring the reactivity worths and isotopic com-
position of highly-burnt fuel rod samples from Swiss nuclear
power plants. Analysis of the reactivity worths of PWR fuel
samples using CASMO-4E fuel assembly code is presented
here.

Figure 1: The shielding flask and sample changer on top of the
PROTEUS reactor

Experiments

The reactivity worths of 40 cm-long samples from fuel rods
irradiated in the Gosgen PWR were measured by oscillation
in the PROTEUS facility. Seven UO, samples with burnups
ranging from ~40 to ~120 MWd/kg, and four MOX samples
with burnups between ~20 and ~70 MWd/kg, were investi-
gated as part of the study. The highly radioactive samples
were placed inside a special shielding flask (Fig. 1), from which
one sample at a time could be lowered into the reactor by
remote control.

PROTEUS is a zero-power experimental reactor in which the
central test zone —too small to sustain a fission chain reaction
by itself —is driven critical by the surrounding thermal driver
regions. The layout of the test zone, together with a suitably
designed buffer region, ensures that the impact of the outer
zones on important neutronics characteristics is negligible at
its centre. For the experiments described here, the central test
region was constituted of PWR UO, fuel rods.

The reactivity effect of replacing a fresh UO, reference sample
(whose enrichment is the same as the initial value for the burnt
samples) by a burnt one was determined both by compensa-
tion, using a calibrated, automatically-driven, fine control rod,
and by the inverse kinetics method [1]. This reactivity differ-
ence was divided by the effect of replacing the fresh enriched
sample by a natural U one. The ratio of these two reactivity
changes

R = Ap(fresh — burnt)/Ap(fresh — natural)

is, unlike absolute reactivity worths, independent of the size
of the system calculated, and can thus be directly compared
to the values calculated for a reduced-size configuration.
Measurements were performed in three different moderators
(and hence different neutron spectra) in the test region: pure
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light water (full density at room temperature), a mixture of
heavy and light water in approximate proportions 1/3 to 2/3
(simulating hydrogen density at the operating temperature of
a PWR), and light water poisoned with 2000 ppm of natural
boron. The experimental precision of the reactivity worth ratios
is approximately 0.5% (10).

Calculations

All calculations were carried out using CASMO-4E fuel as-
sembly code, and a cross-section library based on ENDF/B-VI.
Irradiation histories were followed in detail using data ob-
tained from nodal core-follow calculations, and the surround-
ings of the samples as well as the relocations of the highly-
burnt (>4 cycles) UO, samples to different assemblies were
modelled. Radioactive nuclide decay was calculated until the
time of the measurements. Comparisons of the calculated
nuclide inventories with the results of chemical analyses have
been published previously [2].

The reactivity worths of the samples were determined from
CASMO-4E calculations for a “reflected-assembly” model of
the PWR test region. In these calculations, the compositions
of the samples obtained from the depletion calculations de-
scribed above, as well as those of the fresh enriched and
natural U samples, were successively allocated to the central
rod position, while keeping axial buckling fixed at the critical
value for the case of the reference sample (fresh enriched U).
The reactivity worth ratios relative to natural U were then
computed from the multiplication factors found for the differ-
ent samples at the central position.

Results

A comparison of calculated and measured reactivity worths
is shown in Fig. 2 in terms of calculated-to-experimental (C/E)
ratios for the reactivity worth ratios relative to natural U
plotted vs. the sample burnup. It can be seen that CASMO-4E
predicts the reactivity loss with burnup accurately: the average
of the C/E ratios for all the samples, and all the moderators,
is 0.99, with a standard deviation of 0.024. However, a certain
spread between the different moderators can be seen. In
particular, the C/E ratios for pure light water are generally
somewhat lower than those for the other two cases. For the
D,0/H,0 mixture, all the C/E ratios lie in a narrow band be-
tween 0.98 and 1.01, whereas larger spreads can be observed
for pure and borated H,0. An increasing trend of the C/E ratios
with burnup (i.e. weaker under-prediction of the reactivity
worth for higher burnup) is apparent for the pure light water
moderator only.
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Figure 2: Calculated-to-experimental (C/E) ratios for the
reactivity worths of the burnt samples vs. burnup (DHO = D,0/
H,O0 mixture, H20/B = borated H,0)

Conclusions

The reactivity loss of PWR fuel with burnup has been directly
measured by successively interchanging fresh and highly burnt
fuel samples in a PWR lattice in the framework of the LWR-
PROTEUS Phase Il programme. Comparison of the results with
the values calculated using CASMO-4E demonstrated the high
quality in the prediction of this reactivity loss: discrepancies
are within a few percent, even for the very high burnups (up
to 120 MWd/kg) of some samples, and the accuracy of the
prediction does not deteriorate at high burnup.
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Aerosol removal in the ARTIST steam

generator facility

S. Giintay, A. Dehbi, D. Suckow, T. Lind, R. Kapulla, Y. Liao, S. Danner
Laboratory for Thermal-Hydraulics, Nuclear Energy and Safety Department, PS/

A particular safety challenge to a nuclear power plant might arise from a Steam Generator Tube Rupture (SGTR),

which combined with other failures, could lead to a core meltdown, resulting in radioactive fission products

entering the environment. The ARTIST project (2003-2007) at PSI has provided a large database of aerosol and

droplet retention measurements for a model steam generator (SG). The studies have shown that the risks as-

sociated with SGTR are at least one order of magnitude lower than earlier estimates.

Despite their low probability, SGTR containment bypass se-
quences represent a significant, or even dominant, risk factor.
Although probabilistic safety assessments (PSA) take little
account of fission product retention in the secondary side of
a SG, its complex geometry in fact provides a large surface
area on which fission products might be deposited. However,
the processes that control retention are complex and there
are no reliable models or empirical data that provide accurate
assessments of particle removal rates. Based on the need for
more accurate aerosol retention data during an SGTR, a
model steam generator was built at PSI. The facility called
ARTIST (Aerosol Trapping In a Steam Generator), is a scaled-
down version of the SG in operation at the Beznau nuclear
power plant (KKB) and enables data collection at both the
separate-effect and integral levels.

The ARTIST facility consists of a tube bundle, a separator unit
(1:1 scale), and a dryer cell (1:1 scale). The tube bundle sec-
tion is composed of a scaled 0.57 m diameter tube bundle,
comprised of 274 straight tubes with an outer diameter of
19.05 mm and a height of 3.8 m. Features include a U-bend
section on top of the tube bundle, a tube sheet, three support
plates and a shroud. A schematic representation of the ARTIST
test section in comparison to the KKB steam generator is
shown in Fig. 1. The aerosol mixture, generated in a fluidized
bed, is transported to the ARTIST test section by a carrier gas
composed of steam and non-condensable gas (N2 or Air) in
appropriate proportions.

A sophisticated aerosol measurement system is attached at
the inlet and outlet piping system to determine the aerosol
particle size and concentration. An axisymmetric, guillotine-
type break, with a one-diameter equivalent flow area, is used
in all tests.

Figure 1: Schematic of the KKB SG alongside the ARTIST facility
showing the relative proportions.

The ARTIST consortium project

Initiated by PSI, the ARTIST consortium brings together 12
organizations. Under its stewardship, a total of 90 aerosol and
droplet tests were carried out. Seven distinct accident phases
were considered to assess the aerosol particle and droplet
retention potential in the various sections of the SG, from the
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diameters of 1.4 pm and 3.7 pm, were fed through the break.
Velocities reached several hundred m/s near the break loca-
tion, but decreased significantly as the flow dissipated in the
radial and axial directions. Measurements using several de-
vices showed that aerosol removal rates were substantial.
Detailed post-test measurements on selected tubes indicated
that aerosols were deposited on a large fraction of the bundle
tubes (Fig. 2).

Measurements of velocities in the region of the break were
taken using Laser Doppler Anemometry (LDA). Mean and rms
values of the vertical velocity profiles were collected at differ-
ent horizontal planes. Figure 3 shows the mean velocity pro-
files in the plane 350 mm above the break. The complex flow
structure in the bundle is clearly visible, and the fact that the
break is slightly off-centre can also be seen.

Aerosol deposition in the break region is intimately linked to
the prevailing flow pattern. To improve our understanding of
the jet dissipation dynamics, CFD computations were per-
formed using Fluent code. In a first exercise, a hexahedral grid
with 6 million cells was constructed, and simulations were
undertaken employing the isotropic k-€ and anisotropic Rey-
nolds Stress Model (RSM) turbulence models.

As seen in Fig. 4 for a sample comparison with the data, only
the RSM model provides qualitative agreement with the
measured velocity trends. Better quantitative agreement will

Figure 4: Comparison between CFD and measured velocity data.

be sought in a second step, by incorporating a higher resolu-
tion grid and using an enhanced wall treatment rather than
the standard wall function approach employed in this scoping
study.

Conclusions

The ARTIST consortium tests have provided invaluable data
on aerosol and droplet retention in a model SG. Through scal-
ing and use of severe accident system codes, the ARTIST
data have demonstrated that the SGTR bypass risk uncer-
tainty is at least an order of magnitude lower when compared
to earlier estimates. The project has also provided a forum for
measurements, systems code and CFD code predictions as
well as help advance our understanding of the complex phe-
nomena encountered in SGTR events.
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Climate records preserved in high-alpine glaciers

Thomas Kellerhals, Sabina Briitsch, Michael Sigl, Margit Schwikowski, Laboratory of Radiochemistry and

Environmental Chemistry, PSI, and Bern University

Understanding present and future climate change depends on knowledge of natural climate variability. High-

resolution ice core records provide particularly good proxies for past climate and atmospheric parameters. This

is illustrated with the ammonium record of an ice core from Nevado Illimani in Bolivia, used to reconstruct

tropical South American temperature anomalies over the past 1,600 years. Major findings are that the Medieval

Warm Period (MWP) and Little Ice Age (LIA) type episodes are distinguishable in tropical South America, a region

for which, until now, only very limited temperature proxy data exist.

Introduction

The temporal and spatial extent of climate fluctuations during
past millennia is strongly debated. While the terms “Little Ice
Age” and “Medieval Warm Period” can be used without contro-
versy to describe the most recent advances of mountain glaciers
in Europe during the 16" — mid 19t century and the relatively
warm conditions in Europe during the 10™ — 12 century, this
notion has been dismissed for globally synchronous cold and
warm periods. There is evidence for colder and warmer periods
in many locations beyond the influence of the North Atlantic[1],
but their timing, magnitude and spatial extent are unclear. This
is especially true for the tropics, where proxy data are scarce.
Furthermore, temperature reconstructions using oxygen iso-
topes in tropical ice cores are also hindered by the isotopes’
sensitivity to precipitation in tropical regions [2].

We present here the ammonium record of an ice core from
Nevado Illimani (16°39°S, 67°47’W; ~6300m asl, Figures 1and
2), Bolivia, as a new proxy for tropical temperature.

Calibration

The timescale for the Illimani core was derived from a multi-
proxy approach including annual layer counting, tritium and
volcanic reference horizons (including the “1258 AD” vol-
canic eruption) and #C dating[3]. A two-parameter model was
fitted to these time markers to get a continuous depth — age
relationship.

Ammonium (NH4*) in the Illimani ice core is believed to origi-
nate mainly from tropical vegetation in the Amazon Basin and
is transported by easterly winds to the Illimani. Warmer (or

Figure 1: Nevado Illimani, Bolivia (photo courtesy of Bernard

Pouyaud). The ice core was drilled in the central glacier saddle.

colder) tropical temperatures are thought to influence the
source strength and results in higher (or lower) amounts that
are deposited on the glacier.

Because there are no long-term series of instrumental station
data available for this region, the gridded HadCruT3 dataset
of 30°S — 30°N tropical temperature anomalies [4] from 1850
to 1998 was used for this analysis. The NH,* data were aver-
aged to yearly values and split into different series for calibra-
tion (1998-1924) and verification (1924-1850) (Figure 3). The
calibration series showed a significant correlation (p<0.001)
with annual tropical temperature anomalies.

Reconstruction

The reconstructed temperature anomalies for the last 1600
years (Figure 4) show a period with lower temperatures during
the 7t to 10th century followed by relatively warm conditions
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Figure 2: Satellite image of South America and location of
Nevado lllimani (16°37'S, 67°46'W).

during the mid 11 to the 13t century. A considerably cooler
period is observed from the 14™ to the 17t century. In the
following centuries, there was a rise in temperature that ex-
ceeds in the late 20t century the range of past variation.

Conclusions

We introduced ammonium concentrations in the Illimani ice
core as a new proxy for tropical South American temperatures,
and used them to reconstruct temperatures over the last ~1600
years. Relatively warm temperatures during the first centuries
of the past millennium and subsequent cold conditions from
the 15t to the 17t century may suggest that the MWP and the
LIA were not confined to high northern latitudes but also have
a tropical signature.
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Figure 3: Top: Yearly averaged NH4* concentrations (black
diamonds) from 1850-1998 A.D. and smoothed (brown curve)
with a 21-point binomial filter (right scale).
Bottom: reconstructed temperature anomalies (blue curve;
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Figure 4: Reconstructed tropical South American temperature
anomalies (with respect to the 1961-1990 average) for the
last ~1600 years (red curve, smoothed with a Gaussian filter
(6=10). The grey shading envelops the +2c uncertainty as
derived from the calibration period. From A.D. 1580-1610 no
data is available due to bad core quality.

References

[1] P.D.Jones and M. E. Mann, Rev. Geophys. 42, RG2002
(2004).

[2] G. Hoffmann et al, Geophys. Res. Lett. 30, 4, 1179
(2003).

[3] Jenk et al., Nucl. Instr. Meth. B 259, 518-525 (2007).

[4] P. Brohan et al, J. Geophys. Res. 111, D12106 (2006).



76 Research focus and highlights — Environment and energy systems analysis

PSI Scientific Report 2007

New findings on the sources of fine particles
in ambient air in Switzerland

André S.H. Prévot, Rami Alfarra, Nolwenn Perron, Silke Weimer, Jisca Sandradewi, Urs Baltensperger, Laboratory

of Atmospheric Chemistry; Sonke Szidat, University of Berne; Valentin Lanz, Christoph Hiiglin, Empa

The Laboratory of Atmospheric Chemistry has used for the first time anywhere a combination of two innovative

methods, aerosol mass spectrometry and '“C analyses, to determine the sources of fine particles in ambient air

in Switzerland. In winter, the most important component is nitrates. Primary particulate emissions from traffic

and wood combustion are of equal importance but contribute altogether only around 25% to particulate mass.

The main source of particles is secondary and involves oxidation of various trace gases in the atmosphere.

Taking into account primary emissions and emissions leading to secondary aerosols, traffic, wood combustion

and industry contribute the most to particulate matter but agriculture and conventional heating cannot be

ignored.

Particulate matter (PM10: particulate mass of all particles with
a diameter lower than 10 pm) is measured continuously at many
monitoring stations in Switzerland. These measurements are
necessary to document exceedances of legal thresholds and
the long-term development of pollution. However these meas-
urements alone hardly provide any clue about the chemical
composition and the sources of particulate matter (Figure 1).

New analytical techniques

Aerosol mass spectrometry is a recently developed measure-
ment technique that allows the detection of the volatile par-
ticulate mass of PM1 (particulate mass of all particles of with

Figure 1: Aerosol mass spectrometer and other instrumentation
in the PSI mobile laboratory.

a diameter smaller than 1 pm) at high time resolution (better
than one minute) and low detection limits. The volatile fraction
includes nitrates, sulfates, ammonium, chlorides, and or-
ganic mass. In collaboration with the University of Bern, a
method was developed to quantify the fossil and non-fossil
contribution to the particulate black and organic carbon using
14C radioisotopes. “C is best known for its use in archeologi-
cal dating. For the first time, we used the combination of these
two very powerful techniques, allowing for a near complete
characterization of PM1.

Measurements

In winter, we found that the highest concentrations were due
to long-lasting temperature inversions that favor the accumu-
lation of pollutants because of limited vertical mixing and dilu-
tion. Direct emissions of traffic (black carbon and organic
matter) were only 12% of the total particulate mass (Figure
2). Wood combustion contributes roughly the same amount
(14%).

In Alpine valleys, we found an even higher contribution from
wood combustion [2, 3, 4] but we were surprised to see a high
contribution on the Swiss Plateau as well. Very similar results
were found in rural areas and locations near highways. During
a period of winter smog, both the concentrations and the
composition are similar over a larger region. The largest part
of PM1 is therefore not emitted by the two best-known sourc-
es but is produced by other processes. Ammonium nitrate
(NH4NOs) and ammonium sulfate ((NH4)» SO.) are formed by
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Figure 2: Composition of PM1 in Zurich urban background,
winter 2006 [1].

the combination of ammonia (NHs) and nitric acid (HNOs),
produced from oxidation of nitrogen oxides (NOx) and sulfate
(50,), and from the oxidation of sulfur dioxide (SO,). Most of
the secondarily produced organic mass in particulate matter
is of non-fossil origin which could be from natural emissions
of vegetation or more likely from gaseous emissions from
wood combustion.

How important are the different sources?

Overall, it is important to note that the total particulate mass
coming from atmospheric oxidation of trace gases is around
75%. In order to assess the total contribution of different
sources like traffic, industry, etc. we need to take emission
inventories of trace gases into account. These inventories
show that agriculture is the most important source of am-
monia, while industry is the most important source of SO,,
and traffic the most important source of NOy. A total source
attribution of PM1 is given in Figure 3 taking the measurements
and emission estimates into account.

Traffic, wood combustion and industry are estimated to con-
tribute the most to PM1. The most important contribution of
traffic to PM1 is not due to the particulate emissions but
actually due to high NOx emissions (also to a large degree
from diesel vehicles), which contribute to the very high nitrate

Figure 3: Contribution of different sources to PM1 in Zurich
urban background, winter 2006.

particle concentrations. Various sources contribute with
similar amounts to the particulate matter problem, showing
that combined measures to improve air quality concerning all
different sources seem appropriate. It should be mentioned
that although the direct emissions of traffic and wood com-
bustion contribute only 25% to PM1, it is still very important
to put a special emphasis on reduction measures in this re-
spect because of the carcinogenicity and high toxicity of these
particles.
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Impact of efficiency improvements on the overall
energy system: perspectives for Switzerland

Stefan Hirschberg

Laboratory for Energy Systems Analysis, The Energy Departments, PS/

Climate protection must remain in focus when deciding Swiss energy policy for the coming years. Swiss CO,

emissions should be reduced by at least 50% by the year 2050. Improvements in energy efficiency are of fun-

damental importance for sustainable energy policies, but alone will not be enough. Keeping electricity produc-

tion nearly CO,-free will be a decisive factor in achieving such a reduction.

The work reported here concerns the role of energy efficiency
as one of the pillars of a sustainable energy policy, with par-
ticular emphasis on the prospects for meeting the goal of
climate protection. A number of theses addressing the relevant
issues have been formulated; more details, and the evidence
supporting the theses, are given in [1].

Theses

Thesis I: The performance record of the Swiss energy system
in terms of primary energy consumption and low CO; emissions
is internationally respected, but is highly dependent on the
electricity mix (dominated by hydro and nuclear), high conver-
sion efficiency (hydro), and the structure of the economy (no
energy-intensive industries, and the major role played by the
service sector).

The share of fossil fuel in current primary energy use in Swit-
zerland is 66%, compared to 80% globally. The total loss from
primary to useful energy is close to 60%. The current primary
energy consumption corresponds to a constant equivalent
power level of about 4800 watts per capita (almost 42000 kWh
per capita per year). In addition, there are about 4000 W per
capita in terms of grey energy. While 6 t CO, per capita are
emitted in Switzerland, the grey energy consumption corre-
sponds to an additional 5 t CO, per capita. Swiss electricity
production is practically CO,-free (18 g CO»-eq. per kWhe), but
ifimported electricity is included, emissions rise to 121 g CO,-eq.
per kWhe consumed in Switzerland.

Thesis Il: Efficiency improvements have played a very impor-
tant role in the past, and will do so in the future.

Impressive efficiency improvements of energy technologies
(particularly with regard to fossil fuel) have taken place in the

past. The energy intensity improved in the EU by 1.4% per
year during the 1990’s. However, progress since 2000 is much
less impressive: 0.5% per year, of the same order as in Swit-
zerland.

Thesis lll: Efficiency improvements are necessary, and highly
important, but alone are not sufficient to respond to the
principal goals of the sustainable energy policies.

To keep warming of the Earth’s atmosphere within tolerable
limits, global CO, emissions must be cut by 50% by 2050.
Using Kaya’s equation, which associates CO, emissions with
population density, energy production per person, the energy
intensity of the economy, and the carbon content of energy,
it can easily be proven that, even assuming very optimistic
efficiency improvements, such a decrease requires an impres-
sive expansion of the “carbon-free” technologies (renewables
and nuclear).

Thesis IV: In parallel to the global situation, Switzerland also
needs better energy efficiency, as well as new technologies.
By 2050, we can save at most 30% of energy demand in a way
that is socially acceptable. But the fact that we cannot reach
the 2000-watt level per person is not decisive for the climate,
since quite ambitious CO,-emission reduction goals could be
reached in any case. Furthermore, constraints in primary en-
ergy consumption do not guarantee sufficient reductions in
the use of fossil fuel, and hence the necessary reductions in
greenhouse-gas emissions.

Figure 1 shows the projected primary energy consumption per
capita in the year 2050 in Switzerland. The results were ob-
tained using an energy-economic optimisation model covering
the whole Swiss energy system[2]. Each solution corresponds
to the least expensive energy system, under specific con-
straints with regard to primary energy consumption and CO,
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Figure 1: Primary energy demand in the year 2050. Scenarios with
exogenous boundary conditions with respect to primary energy
and CO; emissions [2].

emissions. A reduction in CO, emissions by a factor two can
only be achieved if the consumption of fossil fuels is also
reduced by almost the same factor, the renewable sources are
expanded, and nuclear energy remains in the Swiss energy
mix. The discounted cumulative cost of such a reduction in
CO,, emissions to the year 2050 is of the order of at least 70
billion CHF.

Thesis V: Large efficiency improvements are feasible, particu-
larly in the building and transport sectors, and are mani-
fested through substantial reductions in demand.
Energy-saving construction and renovation to Minergie and
MinergieP standards could reduce heat demand to less than
40% of current values. With a massive shift to the use of heat
pumps, annual CO, emissions could be reduced by 10 million
tonnes, which is about 20% of today’s total Swiss greenhouse-
gas emissions [2].

In the transport sector, hybrid-drive trains could economi-
cally replace petrol and diesel motors. With such a technol-
ogy shift, it would be possible to reduce energy end-use by
one third, and CO, by 5 million tonnes per year by 2050 [2].

Thesis VI: Electricity in the future will be more important than
ever for our service economy. Electricity can efficiently replace
other energy carriers, so its CO,-free production is the key to
an effective reduction of CO..

If CO, emissions are halved in order to meet the Kyoto targets
(which means almost 15% reduction per decade), then by
2050 the electricity share of total energy use will grow from
today’s 23% to 35-40% [2].

Thesis VII: The total costs, though not uncontroversial, reflect
the economic and environmental efficiency of the various
options. Internalisation of external costs increases the com-
petitiveness of renewables and nuclear.

Renewable technologies have the highest potential for tech-
nological improvement and hence cost reductions. Nuclear
power has the lowest total costs, both now and in 2030 [3].
Total costs provide only limited representation of all the social
aspects, the broader consideration of which may affect the
ranking of nuclear vis-a-vis other options. Social factors can
be better represented in terms of Multi-Criteria Decision
Analysis (MCDA), which depending on stakeholder preference,
may lead to a different technology ranking.

Conclusions

Swiss CO, emissions should be reduced by 50% by 2050.
Attaining this goal should be the highest priority item of en-
ergy policy. A one-sided focus on the reduction of primary
energy consumption does not automatically lead to much
lower CO, emissions. Use of efficient technologies can reduce
the per capita primary energy consumption by a maximum of
30% by the year 2050, thus reaching the level of 3500 watts
per person. In order to reach both levels of reduction, long-
term measures are needed, in particular in the building and
transport sectors. The share of electricity in total energy con-
sumption will further increase. For this reason, keeping
electricity production nearly CO,-free is a decisive factor in
achieving major overall reductions in CO, emissions.
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Tandem accelerator
Proton accelerator
PSI-XFEL

<« LucPatthey is a curious researcher

who likes to push the envelope. The

42-year-old physicist’s experiments

focus on the electron, a particle

whose properties he measures at the
Swiss Light Source SLS.

The muon, neutron and photon user facilities at PS| attracted a record
number of users last year. The delivered beam integrals increased
significantly, thanks to the development and optimization programs
of the proton and light sources. New instruments and beam lines
contributed to a strong increase in publications based on research
conducted at PSI.

The reliability of the two major workhorses, the Ring Cyclotron and
the SLS was higher than 90 %, reaching over 97 % in case of SLS. The
newest member of the accelerator family at PSI, the 250 MeV super-
conducting cyclotron built by ACCEL got off to a spectacular start,
already demonstrating 95 % availability in its first year of operation.
The main Ring Cyclotron reached in 2007 the record intensity of
2.16 mA, delivering 1.3 MW on target. The stage has been set to re-
place the remaining two aluminum RF cavities in the ring cyclotron
during the 2008 shutdown and to start operations with a full comple-
ment of more efficient copper cavities.

The Proton Therapy Center started patient treatment using the su-
perconducting 250-MeV COMET cyclotron at Gantry | and preparations
were almost complete for commissioning Gantry Il. COMET will also
replace the older Injector | as the proton source for the eye cancer
treatment program. OPTIS Il preparations were in full swing last year
and the switch from OPTIS | is expected by the middle of 2008.

The Swiss government approved last year the funding for a 250-MeV
electron linear accelerator, designed to demonstrate the technology
needed for the construction of the cost-effective X-Ray Free Electron
Laser — the planned future facility at PSI.
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Operation of the Swiss Light Source in 2007

Andreas Liideke, Ake Andersson, Michael Bge, Boris Keil, Thomas Schilcher, Volker Schlott, Andreas Streun,

Department of Large Research Facility, PSI

The last year was very successful for light source operation. The beam has been operating at its design current

of 400 mA since the middle of the year and a world record vertical emittance was reached by careful control of

the coupling. Many new beamlines became operational and at the same time an excellent beam availability of

97.4 % was maintained.

Operation and development

A major highlight in 2007 was the coupling reduction to 0.05 %
to reach a world record vertical emittance of three-picometre
radian. A prerequisite was the decrease of all local orbit bumps
for the beamlines and a new beam-size measurement beam-
line.

Regular user operation at 400 mA since June allowed us to
increase the delivered beam dose by 30%.

Many activities in 2007 were related to newly installed beam-
lines. Three superbend magnets were installed. Their central
magnetic field strength is twice that of normal bending mag-
nets and therefore the critical photon energy of this source is
11.9 keV. The existing Tomcat beamline and the new beamlines
SuperXAS and PX-IIl make use of these superbends. A fixed-
gap apple-type permanent magnet undulator has been in-
stalled for the ADRESS beamline. The novel approach of re-
linquishing a changeable gap allowed for a substantial
reduction of the size and cost of this device. With the beam-
lines cSAXS, Infrared and VUV, the total number of beamlines
at the SLS almost doubled from nine to 16.

The operation of the SLS moved to the new central PSI ac-
celerator control room in June. This room is located in a new
building close to the SLS. Many groups supporting accelerator
operation are now located in the same building, benefiting
operation of all PSI accelerators. Both old control rooms, in
the WBGA and the WSLA buildings are now dismantled.

The four longest outages were responsible for about half of
the total downtime. In the first week of operation a cryostat
failure required warming of the third harmonic cavity, causing
36 hours of downtime.

In September a 16 kV main transformer failed with an internal
short circuit. This was the second transformer of this type to
fail and we have to assume that the whole series used at the
SLSis potentially faulty. The accelerator’s two other transform-
ers will be exchanged too. A spare transformer from EWZ
Zurich was delivered and installed within one day thanks to
the fast work of the electrical supply section. The total down-
time caused by that event was only 17 hours, compared to 67
hours after the first transformer breakdown in 2006.

Two more failures caused each eight hours of downtime: a
vacuum leak at the Linac and an unscheduled warm up of the
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Figure 1: SLS operation statistics: weekly availability and integrated beam dose.
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third harmonic cavity cryostat. The latter was caused by the
actuation of an emergency stop button. The cryostat system
will be re-cabled in order not to be affected by the emergency

stop buttons in the tunnel.

sextupoles. Doubling the lifetime at the present brilliance

should be achievable.
Seven years after the SLS started operation, it is still among

the world leading light sources. Considerable ongoing efforts

are required to retain that position.

Operation statistics

The operational data is summarized in Table 1. Availability
improved to an excellent 97.4 % even though the number of
outages increased slightly. This is because there were fewer

events lasting more than two hours. In 2006, 15 events of
this type caused 180 hours of downtime. Last year only eight
of those events generated 8o hours of total outage (see

Figure 2).
The major culprit responsible for outages was the radio fre-

quency (RF) of the storage ring, which accounted for about 62

hours of downtime (see Figure 3). Total RF outage was similar

Beam Time Statistics 2007 2006
Total beam time 6912h | 789% | 6768h | 77.3%
e user operation 5200h | 59.4% | 5160h | 58.9 %
—incl. compensation time 0144h | 01.7% | 0144h | 01.7 %
® beamline commissioning 0880h | 10.0% | 0696h | 08.0 %
e setup + beam development 0832h | 09.5% | 0804h | 10.3%
Shutdown 1856h | 21.2% | 2168h | 22.7%
User operation downtimes* 095 084
¢ unscheduled outage duration 0138h | 02.6% | 236h 4.8 %
¢ injector outage (non top-up) 0028h | 00.5% | 026h 0.5%
Total beam integral 2345 Ah 1775 Ah
Availability 097.4 % 95.4 %
Availability after Compensation 100.1 % 98.2 %
MTBF 54.2h 60.0 h
MTTR (mean time to recover) 01.4h 02.8h

to 2006, but about three quarters of the downtime last year

had its source in the third harmonic cavity cryostat system
Only 15 hours of downtime were caused by the 500 MHz ac-
celerating RF. Outages of the electrical supplies, the safety
systems and water cooling all contributed to more than 10
hours of downtime each. The latter two increased signifi-
cantly compared to the previous year. In both cases this was
partly related to the large number of new beamlines.
The availability of the injector system stayed constant at
99.5%. Again two thirds of the outages were related to the
Linac and the Linac RF, modulator 1, caused more than half of
all outages. The klystron of this modulator has now been

Table 1: SLS Operation Statistics

*Two beam interruptions that occur within one hour are counted as one,

long downtime, because the short uptime in between is generally not

useful for experiments.
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exchanged. The longest outages of the injector were caused
by problems of the electron source. The cathode of the source

has now been replaced after seven years of operation.
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Outlook

All available straight sections of the SLS are now filled and
only a few bending ports are available for new beamlines. The
Lucia beamline will be dismantled and be replaced with the
split beamlines Phoenix and Xtreme. The 9L long straight will
be split up to serve the two beamlines SIS and XIL in parallel.
Anew dipole beamline NanoXAS will be built. All those beam-
lines should start operations in 2009.
There is a dense development program to further enhance the
light source. The fast orbit feedback has to be upgraded in
order to generate dynamic local orbit displacements for the
PolLux beamline with several bump alternations per second.
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PolLux will use the polarisation of photons for difference
measurements. In order to increase the beam lifetime we plan
to make use of additional skew quadrupoles and auxiliary

Figure 3: Downtime events and duration per system
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Happy birthday SINQ:

10 years of successful operation

Stefan Janssen, Werner Wagner, Joél Mesot, Kurt Clausen, NUM Department, PSI

2007 was the tenth year of full user operation at the Swiss spallation neutron source SINQ. After the very first

tests in December 1996 some pilot experiments were carried out in the second half of 1997. Routine operations

began in 1998. Since then 2,400 experiments have been performed and 3,800 user visits registered. The jubilee

was celebrated during two events: a scientific symposium on September 21 and a public visitor day - ‘neutron

day ’ - on October 28.

Bye bye MEGAPIE. ..

After the very successful test operation with a liquid metal
Pb/Bi target during the MEGAPIE (Megawatt Pilot Experiment)
project [1] in the second half of 2006 with a neutron flux gain
of approximately 80 %, 2007 started with the planned decom-
missioning of the MEGAPIE target during the annual shutdown.
The project entered the next —and still ongoing — phase with
a detailed inspection of the target and its components. Those
results will deliver useful input for the long-term goal of de-
veloping a liquid metal target for routine operation.

...welcome back: solid target

Neutron production started in mid-April with an improved
version of the steel-clad solid lead target: In the new ‘genera-
tion-3’SINQ target the steel cladding tubes have been replaced
by Zircaloy, which has less neutron absorption. Hence the
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Figure 1: Development of the neutron flux at SINQ since the start
of operations. The gain is caused by both neutron target
development and an increase of the accelerator’s proton current.

intrinsic flux reduction of the solid target compared to the
MEGAPIE target could be partially compensated. In 2007 SINQ
received a total charge of 3885 mAh and the proton current
routinely reached approximately 1.35 mA. During the months
of operation SINQ ran again very reliably with an availability
of approximately 93 %. Operations were however interrupted
during July and August because of a leak in one of the heat
exchangers of the D,0 cooling loops, which occurred on June
29. After a careful inspection a strategy was developed to be
operational again as soon as possible. Thanks to a common
effort of several PSI groups it became possible to resume
operations already on September 3 and continue with stable
neutron production for the rest of the year, with a reduced
flux. The 2008 shutdown will be used to install an intermedi-
ate cooling loop to avoid any future performance loss through
contamination of the heavy water in the moderator tank by
normal water.

New record of user visits

Despite the interruption during the summer, 2007 was again
very successful for the user operations at SINQ: 11 instruments
for neutron scattering and another two for neutron imaging
were fully available to the national and international scien-
tific community and were strongly solicited. The instruments
delivered more than 1,300 days of operation and almost 350
experiments were performed. For the first time the new back-
scattering spectrometer ‘MARS’ was opened to users and was
fully operational.

The number of user visits was again very high: for the first
time we counted over 600 visits by 350 different individual
researchers within one year. SINQ is the home base for the
Swiss neutron scattering community. Approximately 56 % of
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the use is from Swiss institutions with 26 % in-house and 30 %
from other Swiss universities and institutions. Within Switzer-
land the strongest non-PSI use of SINQ is from ETH Zurich,
the universities of Fribourg and Geneva and from EMPA Diiben-
dorf. Approximately one third of the SINQ users come from
EU countries, with the biggest numbers coming from Ger-
many (10 %), the United Kingdom (7 %), Denmark and France
(6 %). 9 % of the beam time is used by groups from outside
Europe. The users were affiliated in 2007 to institutions from
21 different countries. Around 156 new proposals were re-
ceived in 2007, which ensure and confirm the strong interest
in neutron beam time at SINQ also in 2008.

The tenth anniversary of SINQ

2007 was the 10th consecutive year of full user operation at
SINQ. In those ten years more than 11,000 instrument days
were delivered and more than 3,800 user visits tallied. 2,400
experiments were performed and almost 1,600 new proposals
were submitted. The publication record contains 600 papers
based on SINQ experiments. Over those 10 years, SINQ was
continuously subject to improvements in instrumentation,
especially in the sample environment. Figure 1 illustrates the
flux increase of SINQ caused by neutron target development
and upgrades of the proton accelerator. Together both strate-
gies caused the neutron flux in 2007 to be approximately 2.5
times higher than in 1997. With the liquid metal target, the
gain factor was even as high as 3.3 in 2006.

PSI used the occasion of the tenth anniversary to organize
two dedicated events related to SINQ: a scientific symposium
on September 21 and a public visitor day on October 28. The
SINQ user community and PSI staff involved in the project
gathered in Villigen in September to look back on the first ten
years of SINQ operation: Walter Fischer and Albert Furrer re-
called the construction period and the first years of operation.
Their contributions were complemented by a talk of Hans-
Rudolf Ott (ETH Zurich), who discussed the shift of the scien-
tific focus of PSI towards solid-state physics. Kell Mortensen
(Copenhagen) and Ted Forgan (Birmingham) took the audience
on a tour of recent scientific highlights from soft condensed
matter and solid state physics. Finally, Werner Wagner (SINQ
source and target) and Joél Mesot (science and instrumenta-
tion) presented SINQ’s future perspectives .

After the great success of the last public visitor day in 2005,
PSl opened its doors again and invited the general public to
a dedicated ‘neutron day’ on Sunday, October 28. The event
was meant to attract public attention to the fascinating capac-
ity of neutrons to probe the microscopic world and to extract
unique information about samples from diverse fields such
as physics, chemistry, biology and materials science.

Figure 2: The PSI ‘neutron day’ was a great success with more
than 3,500 visitors.

More than 3,500 visitors were informed about neutron re-
search and the experimental facilities. At six major visitor
stations tour guests were introduced to the technique and the
scientific applications of both neutron scattering and imaging.
Special emphasis was put on the phenomenon of supercon-
ductivity, the SANS studies of grey cataract formation and the
broad variety of neutron imaging applications.

Many thanks to all the staff involved in making this event a
huge success both for the visitors and for PSI. The user-ori-
ented character of PSl was clearly demonstrated through the
strong involvement or support from some of the key Swiss
users of our facilities in the form of demonstration experi-
ments. In particular, we wish to acknowledge the generous
and valuable support and contributions from the universities
of Fribourg (Peter Schurtenberger and Anna Stradner), ETH
Zurich, Geneva, Neuchatel, the NCCR project ‘MaNEP’[2] and
the ‘Kantonsspital Aarau’ (Bruno Blumer) .

Reference:

[1] http://megapie.web.psi.ch

[2] MaNEP: Swiss NCCR project on ‘Materials with Novel
Electronic Properties’, http://www.manep.ch/
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Swiss Muon Source SuS

Dierk Herlach, Alex Amato, Elvezio Morenzoni, Laboratory for Muon Spin Spectroscopy, LMU

The future has a name: AMPDs - Avalanche Microchannel Photodiodes. Compact, fast components that are in-
sensitive to magnetic fields, they are revolutionizing particle detection in pSR instruments, as demonstrated by
the successful test of a prototype detector assembly for the 5-Tesla ALC magnet in 2007. This and other instru-

ment upgrades, developments and plans will help secure our position as a leading pSR facility in the future.

Instrument upgrades and developments

The outstanding milestone in 2007 was the development of
AMPD-based scintillation detectors at PSI in collaboration
with the Joint Institute for Nuclear Research in Dubna (Russia),
and their successful use in a prototype set-up for ALC-uSR
(Figure 1) in magnetic fields up to five Tesla. Compactness,
very high time resolution, and magnetic field insensitivity
make them the detectors of choice for all time-resolving pSR
instruments, in particular the planned PSI High Field (10
Tesla) Instrument that has been simulated and optimized in

Figure 1: Prototype detector assembly for ALC uSR, equipped
with Avalanche Microchannel Photodiodes (AMPD’s) tested in
magnetic fields up to 5 Tesla.

the framework of a FoKo project using Geant4. Other important
achievements are: the development of a low-background set-
up for small samples on the Low Energy Muon (LEM) appara-
tus in collaboration with R. Kiefl from UBC, new detectors for
GPD, high pressures (2.6 GPa) at low temperatures (230 mK),
new data acquisition electronics using VME architecture, and
more.

User lab

In 2007, a record number of 177 experiments were carried out
by external and internal research groups at the six SpS instru-
ments: GPS (74 experiments), LTF (29), LEM (28), GPD (25),
Dolly (14) and ALC (7), including 9 short-term (“urgent beam
time requests”) and 24 in-house experiments. Altogether, 688
days of beamtime were allocated to 220 scientists from 24
different countries all over the world. The strongest user com-
munities (humber of scientists) have been Switzerland (40),
Japan (35) Germany and the United Kingdom (29 each), and
France and Italy (14 each).

Rich scientific harvest

In 2007, 48 articles (43 with LMU authors) related to the SuS
were published in peer-reviewed journals. A significant propor-
tion of the publications are in high-ranking journals, e.g. Phys.
Rev. Letters (9 publications, 5 of which with LMU authors), J.
Phys. Chem. B (1,1), Phys. Rev. B and A (11,8), ). Physics:
Condensed Matter (5,3).
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The PSI/ETH Laboratory of lon Beam Physics

Hans-Arno Synal, Vasily Alfimov, George Bonani, Marcus Christl, Max Dobeli, Irka Hajdas, Peter Kubik, Marc

Mallepell, Arnold Miiller, Matthias Ruff, Martin Suter, Martin Stocker, Emanuel von Wartburg, Lukas Wacker,

Research Department Particles and Matter, PSI and Institute of Particle Physics, ETH Zurich; Susan lvy-Ochs,

Institute of Particle Physics, ETH Zurich and Geography Institute, University of Ziirich

In 2007 the PSI/ETH-Laboratory of lon Beam Physics had four accelerators operating. The 6 MV EN Tandem was

online for more than 2,774 hours. The 600 kV Tandy AMS system was used for experimental AMS work and
routine operations with *?°l, Pu, Pa. Routine handling of “C samples has begun with the 200 kV MICADAS AMS
System. In addition, the gas feed operation has been extended. The new 200 kV BioMICADAS system was com-

pleted in October 2007. This system is under specification tests and it is planned to ship it to Vitalea Science,

our partner for biomedical AMS, in 2008.

Approximately 5,700 AMS samples were analyzed at the
laboratory of ion beam physics in 2007. About 65% of them,
10Be, 26A, 3¢Cl and 55 % of the “C samples, were measured
with the 6 MV Tandem based AMS system. The remaining 35 %
were analysed with our smaller systems Tandy and MICADAS.
Here, about 45% of the 'C samples and all ?°I, Pu and Pa
were analysed. A significant fraction of the 1“C analyses were
made with very small samples of less 50 pg carbon using the
MICADAS system. This became possible by routinely using
our gasion source. In 2007, we had to exchange the charging
belt of the EN Tandem accelerator. Consequently, an increased
portion of beam time had to be spent on conditioning and
machine testing. The new belt has now been running for six
months and we can expect to have stable operation conditions
again for the next three years. The Material Science (MS)
program has used about 20 per cent of the total EN accelera-
tor time. A new annular gas ionisation detector became

EN Tandem Accelerator Operation Hours

AMS 2005 2006 2007
Be-10 738 978 617
C-14 804 700 703
Al-26 33 126 56
Cl-36 265 472 287
Heavier Elements 126
MS

Materials Science 438 422 447
SSIMS 42 159 94
Maintenance

Conditioning/Tests 428 259 444
Total 2748 3116 2774

Table 1: Beam time statistics 2005-2007 EN Tandem.

Figure 1: The new BioMICADAS system.

operational for Heavy lon Rutherford Backscattering (HIRBS).
With this detector, a significantly enhanced mass resolution
over conventional best practice RBS experiments has been
achieved.

The dedicated biomedical AMS system BioMICADAS was
completed in October 2007. The new ion source in particular
has shown excellent performance and design specifications
have been exceeded.

Using the HE-spectrometer magnet of the BioMICADAS system
for test experiments at the Tandy AMS system, we were able
to demonstrate that background events can be significantly
reduced. For °Be it became possible to reach a detection
limit of few times 10>, a value which had before only been
reached with large AMS systems. Based on these results the
design of an improved spectrometer for the Tandy AMS system
has begun.
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Operation and development of the proton
accelerator facilities in 2007

Anton C. Mezger, Stefan Adam, Pierre-A. Duperrex, Martin Humbel, Urs Rohrer, Mike Seidel
Department of Large Research Facilities, PS/

The high intensity proton accelerator showed very stable operation over the whole production period with only
a small number of incidents. The 90 % availability and the total beam integral of 8.9 Ah on the meson targets
with a production current up to 2 mA reflect the good performance of the facility. As a result of a defect of the
neutron spallation target cooling, SINQ was out of service for nine weeks. During this period the facility was run
exclusively for users of the meson beams. During experimental test runs a new record beam current of 2.16 mA,
corresponding to a beam power of 1.27 MW, was achieved. A beamline for the Ultra Cold Neutron Source UCN
was also commissioned with pulsed beam diagnostics.

Operation of the thin M target in week 29 that took 30 hours to be re-
paired, and by high water in the River Aare in week 32, leading

Immediately after completing the yearly shutdown in week to a 60-hour interruption of the cooling facilities. During the

14, the beam current on the meson targets was increased to

the 1900 pA production current. During the shutdown a col-

limator in the ring cyclotron was found to be misaligned and | Beam Time Statistic for the high intensity facility | 2007
total beamtime

re-adjusted. This repair lead to lower losses and the full cur-

. X to meson production targets 5200 h
rent (2 mA) was more easily achieved. However, due to a
to SINQ 3700 h
problem in the cooling system of the neutron spallation source, Beamintegral
SINQ was out of operation from week 26 to week 35. During [ total beam integral on meson targets 8.9 Ah
this period the beam had to be switched to the beam dump | total beam integral on SINQ 4.3 Ah
behind the E target. A temperature peak in the beam dump | outage
limited the production current to 1450 A, until better beam | Unscheduled outage duration 407h
. . L . total heduled out including tri 524 h
optics allowed a more uniform temperature distribution. Af- ° a un_s_c edued outage Incuding trips
availability 90 %

terwards, currents beyond 1800 pA were possible in the beam
dump. Two other major interruptions were caused by a failure  Table 1: Beam time statistics for the proton accelerator.
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production period no problems occurred with the electro-
static devices in the ring cyclotron. The modifications that
were applied to these devices, as reported in the 2007 scien-
tific report, improved their reliability. Statistical data of the
production period 2007 are shown in Figure 1 and Table 1.
In 2007 the operation schedule was changed from weekly
services of 1-2 days to a schedule that foresees service blocks
of 3.5 days every three weeks. The experience with the new
schedule was very positive and it contributed to the facility’s
high availability. Injector | was again used throughout the year
intensively by scientists and over a period of 11 weeks for
medical eye treatment as part of the OPTIS program.

Failure analysis

The relative contributions of various factors to downtime in
2007 are shown in Figure 2. Besides the single large contribu-
tion from the cooling failure, most of the other items are
similar to values observed in the past. Two new items appear
in the statistics: one is the unscheduled maintenance of the
ion source. The ion source cannot be operated continuously
over three weeks as required by the new operation schedule.
Several unscheduled interruptions for 2-4 hours were neces-
sary to change heating filaments in the source. In the future
this maintenance will be a fixed part of the schedule and not
counted as downtime anymore. The other new item appearing
was the unavailability of SINQ. The relatively high contribution
to downtime from the control system was mainly due to prob-
lems with a data transmission field bus. A lasting solution to
this problem was achieved by introducing the VME system,
which has been selected as the default bus system for the
long term.

Development

The government authorisation for the operation of the proton
facility limits the beam current to a maximum of 2.0 mA. In
the future it is planned to raise the level to 2.6 mA and ulti-
mately to 3.0 mA. To achieve these goals several technical
improvements of the facility are necessary. In 2007 the Fed-
eral Health Office granted PSI an allowance to operate the
facility at currents beyond 2.0 mA for eight hours per week.
The goal of this experimental operation was to gain experience
with the behaviour of the accelerator at higher current levels.
This option was used 5 times for one shift each time. A new
record current was reached at 2.16 mA corresponding to
1.27 MW beam power. Since the high current tests were done
with the same number of revolutions in the ring cyclotron, the
beam losses showed an over-proportional increase, but stayed

SINQ
2%

EIC/EEC
4%

Site power
2%

Miscellaneous . .
5% Site Cooling

20%

Magnets
0,

6% HE

13%

Controls
8%

lon source
Cooling 12%
8% Vacuum

9% Targets

1%

Figure 2: Downtime characterization for interruptions llasting
more than 10 minutes (ca. 300 hours).
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Figure 3: Beam current measured during fast switching of the
beam into the new UCN beamline. The UCN beam pulse is 5 ms
long in this experiment and it will have a duration of 8 s later.

within acceptable limits. It was possible to reduce the losses
with some optimization of the cyclotron parameters.

Starting in October 2007 a modified beamline of the former
PIREX experiment was tested ahead of the commissioning of
PS/I’s ultra cold neutron source (UCN). For this purpose a beam
dump, designed for a maximum average current of 25 pA, was
installed at the location of the former PIREX target station.
After some initial tests with a few pA of continuous split beam,
the full intensity beam of 2 mA was routinely aimed for a short
time, typically 5 ms, at this beam dump (Fig. 3). Several diag-
nostic elements as beam position monitors, transmission and
loss monitors were tested under these pulsed-beam conditions.
Normally, the beam at the proton accelerator facility is con-
tinuously accelerated. For the anticipated UCN operation the
beam has to be switched onto the target for 8 s, with a repeti-
tion period of 800 s. A mistargeted beam at full intensity could
melt the beam-pipe material in a short time. Therefore correct
beam centering in the UCN beamline has to be verified by
kicking and diagnosing short pilot pulses before the main pulse
is sent. In addition, fast machine protection systems have to
be switched to a different mode during the UCN pulse. The
correct function of these procedures can already be tested with
this setup before the UCN target becomes available.
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PSI-XFEL: On the road to a new ultra-bright X-ray
light source

René Bakker, Romain Ganter, Christoph Hauri, Chistopher Gough, Peter Ming, Marco Pedrozzi, Anne Oppelt,
Bruce Patterson, Frédéric Le Pimpec, Jean-Yves Raguin, Fugiang Wei, Albin Wrulich, PSI-XFEL with support from
the departments of Large Research Facilities (GFA), Logistics (LOG), and Synchrotron Radiation and Nanotech-
nology (SYN)*

PSI plans the construction of a Free-Electron Laser (FEL) for femto-second X-ray science as its next large-scale
facility. Combined with the SLS it will then form the basis of a unique Ultra-fast X-Ray Science Park for the
national and international scientific community. The challenges ahead are the complexity and cost of the
accelerator technology that is needed for X-ray FELs. PSI has initiated a research program to develop this tech-
nology, which can pave the way towards a cost-effective and a reliable design.

Introduction

An X-ray Free-Electron Laser (FEL) can generate light-pulses
with a selectable wavelength, peak power of several GW, and
duration of several fs. It also is the ideal complement to the
Swiss Light Source, enabling the pursuit of revolutionary new
science.

The XFEL is a new development, which is still costly because
it requires a high-energy electron linac. However, the costs
can be reduced dramatically with a design based on a moder-
ate energy accelerator. At present this solution lacks a high-
brightness electron source, and suitable accelerating-scheme
for this source. The PSI-XFEL project looks at these aspects
with the aim of building a cost-effective X-ray FEL facility.

High brightness electron source

The Low Emittance Gun (LEG) project introduces new techno-
logy for generating ultra-bright electron-beams. LEG consists
of an electron source, a high-gradient 500 kV pulsed accel-
erator, and a custom designed RF accelerator. A layout of the
system is shown in Figure 1and 7. The starting point is a high-

Figure 2: Glow discharge, used for high-voltage, high-gradient
commissioning of the 500 kV pulser.

power laser, which triggers electron emission. The electrons
are then accelerated to near light-speed in a 500 kV electric
field. Further acceleration is provided by a two-cell standing
wave RF cavity.

Last year was marked by the commissioning of the 500-kV
pulser (Figure 3), and the production of its first electron beam.
2008 will be dedicated to diagnosis of this electron beam, a
furtherimprovement of the gradient, and additional accelera-
tion of the beam up to 5 MeV. The latter involves the installa-
tion of a two-cell standing wave cavity, required to preserve
the beam’s high brightness (Figure ).

Figure 1: Planned layout of the 250 MeV accelerator.
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The main elements of the 250 MeV accelerator design were
specified in 2007 and the construction of the infrastructure
(Figure 7) is planned for 2008. Beyond the technological risk
assessment, the accelerator is also designed so that it can
serve as an injector for the planned XFEL.

X-ray FEL facility

The layout of the PSI-XFEL is shown in Figure 5. The facility is
driven by a 6-GeV linac with three independent beamlines: a

VUV beamline with variable polarization for the spectral range
from 10 nm to 1 nm, an XUV beam line with variable polariza-
tion for the spectral range from 1 nm to 0.3 nm, and an X-ray
beamline that goes from 0.3 nm down to 0.1 nm. All beamlines
are designed to provide 25 fs pulses at peak brightness above

103! photos/sec/mm?/mrad?/0.1, i.e. a value that is more
than six orders of magnitude above the brightness provided

by state of the art synchrotron facilities.

Figure 4: 1.5 GHz 2 cell cavity before assembly for low power test.

250 MeV acceleration =

At the gun exit, peak current is still insufficient to drive an

X-ray FEL and, more importantly, the quality of the beam re-

start
mains sensitive to space charge. Studies of the electron beam \ (electron source)
dynamics show that the first 250 MeV of acceleration are
critical. It is for this reason that the next step of the PSI-XFEL

project will concentrate on the design of a test accelerator for

this energy range. Construction and operation are proposed  Figure 6: Planned infrastructure for the PSI-XFEL shown in
for 2008 to 2011, a period during which it will serve as an  Figure5.

experimental test environment to evaluate the technological

risks of high-brightness beam acceleration in relation to its  Further Information: http://fel.web.psi.ch

use as a future injector for an X-ray FEL linac system.

* A. Adelmann, A. Andersson, A. Anghel, M. Dehler,
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Ry s T T A R K. Li, B. Oswald, M. Paraliev, L. Rivkin, T. Schilcher,
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-------------- = D. Vermeulen, (GFA); Hanspeter Gehrig, Florian Waser

) . . . (PSI FEL); R. Betemps, F. Jenni, W. Pfister, C. Zumbach,
Figure 5: Schematic layout of the PSI-XFEL. A single linac feeds

three FEL branches, that together cover the wavelength range F. Waser, (LOG); R. Abela, P. Beaud, ]. Gobrecht,
from 10 nm (120 eV) to 0.1 nm (12.4 keV). G. Ingold, E. Kirk, H. Sehr, S. Tsujino, T. Vogel, (SYN)
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Figure 7: Location and plans for the building that houses the accelerator tunnel.
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Technology transfer

94  Projectsin
biotechnology,
energy technology
and detectors

<« Research with a global reach:
pixel chips for the
LHC experiments at CERN.

The transfer of PSI research results into product development and
process design in the economy is an important part of the institute’s
mission. Knowledge and technology transfer are part of PSl scientists’
job description. In some areas of basic research, knowledge transfer
is more dominant, while in other fields where activities are much
closer to applications and innovations, industry is attracted by the
possibilities of technology transfer.

The technical solutions at the forefront of technology which are im-
plemented in the large research facilities and have shown reliable
operation are another source for technology transfer. Several innova-
tive industrial projects benefited from scientific services such as
measurement periods, analyses and imaging support at the large
facilities of PSI.

The technology transfer office assisted PSI staff in signing more than
100 research agreements with companies in 2007. Industry is not
alone in benefiting from PSI expertise since governmental bodies
signed more than 20 research agreements with the institute.

A considerable number of intellectual property rights were gener-
ated from research activities in 2007. The total number of patent
applications topped the previous year’s figure again with 52 applica-
tions. Out of these, 16 were priority applications with many originat-
ing from cooperation projects with industry. Such intellectual prop-
erty rights are one way of exploiting the research results. In 2007 five
new agreements for the use of PSI technology by patent transfer or
licensing were signed.

Research at the institute with its broad spectrum of activities and
projects will remain an attractive partner for industrial innovation
processes. PSI and its scientists will continue to be on the lookout
for new collaborations.
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Neutron micro-tomography: examination
of a LHC Rutherford cable

Gabriel Frei, Stefan Hartmann, Guido Kiihne, Neutron Imaging and Activation Group, PSI;
Christian Scheuerlein, Gerard Willering, European Organization for Nuclear Research (CERN)

The thermal-electromagnetic stability of a superconducting cable against local heat deposition is of major
importance for the reliable operation of superconducting high-field accelerator magnets, as found in the Large
Hadron Collider (LHC) at CERN. Simulations of cable stability require for instance as an input the cable void
fraction filled with liquid He (LHe). The inner void fraction across the cable width has been determined for a 01
LHC Rutherford-type cable using neutron tomography. The metallic composition of the sample makes the use

of X-ray tomography impossible .

Tomograms were acquired with the micro-tomography setup
of the ICON neutron imaging facility at PSI’s SINQ spallation
neutron source, with a detector pixel size of 13.5 pm. Final
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Figure 1: Tomograms of two insulated cables removed from an
inner LHC magnet coil and a nude 01 LHC cable (right). The
Rutherford cable with a width of 15.1 mm and a mid-thickness
of 1.896 mm is composed of 28 strands with a nominal diameter
of 1.065 mm.

Figure 2: Tomogram of a stack of four 01B cables with partly
removed structure for the visualization of the free space volume
for the He cooling liquid (indicated in blue).

resolution was about 50 pm. Tomograms of a nude cable and
part of a LHC inner magnet coil with insulated cables are shown
in Figure 1. Due to the high scattering of neutrons by hydrogen
the Kapton cable insulation appears clearly (indicated in yel-
low).

Quantitative tomography results were elaborated from tomo-
grams of a compressed stack of four cables with Kapton insu-
lation. The inner-cable void volume (Figure 2) in the com-
pressed 01 cable has been determined from neutron
absorption contrast. Figure 3 shows the plane maps of the
neutron absorption contrast in the centre sagittal cable slice
and in a stack of 60 central slices.

Figure 3: Plane maps of the neutron absorption contrastin a
centre sagittal cable slice (left) and a stack of the 60 central cable
slices (centre). The grey values were converted into a void
thickness scale (right). The total void cross section is only 4 % of
the entire cross section.

References
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Non-destructive determination of hydride
concentrations in Zircaloy

Holger Wiese, Hot Laboratory, PSI; Kurt-Ake Magnusson, Fuel Engineering Division, Westinghouse Sweden AB

Westinghouse AB and PSI are co-operating to find a non-destructive method to analyze local hydride concentra-

tions in irradiated fuel cladding. A first milestone was met last year with the joint patenting of the technical

apparatus and the project is now reaching the end of its second year with an application for a joint patent on

the measurement procedure.

During irradiation of nuclear fuel rods, the zirconium alloy
(zircaloy) claddings are exposed to high temperatures, pres-
sure, vibrations, aggressive radiolysis products and high
neutron fluence. In this environment, zircaloy slowly oxidizes,
following the chemical reaction: Zr+H,0=Zr0,+2H. The zirco-
nium-based cladding material absorbs part of the hydrogen
produced. If the solubility limit is exceeded, hydrogen forms
hydrides in the cladding, deteriorating the zircaloy’s material
properties (e.g. ductility and impact toughness) and may ac-
celerate corrosion. Hydrogen content in the cladding is there-
fore an important parameter, normally determined by metal
melting and hot gas extraction or scanning electron micros-
copy. Neutron radiography can also be applied to detect hy-
dride lenses in the cladding. These methods are all used at
PSI but are destructive and imply rod cutting.

An idea for non-destructive testing

PSl and Westinghouse Electric Sweden AB (WES) presented a
multi-frequency eddy-current analysis for non-destructive
hydride assessment that could also be applied during power
station poolside inspection without fuel transport and hotcell
requirements. The concept is based on the fact that the electri-
cal conductivity of pure zircaloy and zirconium hydride is dif-
ferent. The conductivity of zircaloy cladding should therefore
depend on its hydride content. By taking into account hydrogen
solubility, the total hydrogen content should be accessible. As
eddy-current measurements are already applied in poolside
inspections to determine oxide thickness, this technique is
extended to determine the hydride content of the cladding
material. A diploma thesis at PSl indicated this possibility in
2004. In 2005, WES and PSI signed an agreement to develop
a non-destructive method for hydride analysis in claddings.
An earlier co-operation saw the development of a method
(Magnacrox) for oxide thickness analysis on fuel cladding tubes

Figure 1:
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in presence of magnetic, waterborne surface deposits, which
distort normal oxide thickness determinations. The patent for
this process was extended [1] after the applicability of a non-
destructive hydride analysis method on clean reference mate-
rial and irradiated cladding was demonstrated [2] (Fig. 1).

Status and outlook

The method was tested under laboratory conditions on hy-
drided, non-irradiated material and later on irradiated fuel
cladding. The measurement and calibration procedure was
further improved during these experiments and the feasibility
of ND-hydrogen measurements was shown under experimen-
tal conditions with a high local resolution (< 50 wt.ppm H).
Additional investigations on samples from a blind ND-test rod
and subsequent destructive hydrogen analyses should allow
us to determine if the method can be used under pool condi-
tions. An extension of the co-operation is being discussed.

References

[1] Magnusson K.-A., Wiese H. et al.; Underwater Eddy
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Fast magnet power supplies for dynamic proton
beam control for tumor treatment

René Kuinzi, Felix Jenni, Power Electronics Section, PS|

Tumor treatments at PSI are performed by actively scanning a three-dimensional target volume - the tumor -

with a thin proton beam, depositing a specific energy dose [1]. A newly developed treatment facility “Gantry 11”

shall allow multiple rescanning of moving target volumes in a reasonable timeframe. The proton beam is de-

flected rapidly and independently in two directions by dipole magnets. Two highly dynamic magnet power

supplies (PS) were developed and commissioned for that purpose.

Power supply specifications

The proton beam is designed to sweep in the T- and U-direction
orthogonal to the beam. The main PS specifications are:

T-Sweeper-PS | U-Sweeper-PS
Maximum Current +/—150A +/—220A
Maximum Voltage +/-175V +/-320V
Maximum Current Slope | +/—55A/ms +/—11A/ms

After completion of a T-sweep, the current in the U-Sweeper
PS needs to be changed typically by 22A (10%) to adjust the
beam for the following sweep. After 3ms the current should
be within 0.1% of the rated current.

Bandwidth

A power supply with high dynamic and stability requirements
needs high bandwidth. Concerning the bandwidth, the switch-
ing frequency should be as high as possible, but this in-
creases switching losses. Junction temperature should be kept
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Figure 1: U-sweeper closed loop control performance.

low in order to maximize lifetime and availability. The convert-
ers operate at switching frequencies of 25kHz (T-sweeper)
and 16.7kHz (U-sweeper) and at junction temperatures below
80°C, a rather conservative compromise.

The controller is another speed-limiting component. A very
powerful digital control system for high-precision power sup-
plies has been developed at PSI[2].

High dynamic and precision requirements often call for so-
phisticated control algorithms. But a commonly used algorithm
like a Pl-controller can offer much better handling. The control
algorithms implemented at PSI are always as simple as pos-
sible in all PS systems. Therefore, the two-sweeper PSs were
commissioned with Pl-controllers with reference filtering and
a feed forward control for DC link ripple rejection. Should it
become necessary to improve control performance, the dig-
ital control can be programmed with other algorithms without
any hardware changes.

Results

Fig. 1 shows a current step from 198 to 220 A (red) of the U-
sweeper PS with its maximum current slope. The modulation
index (blue), which is proportional to the output voltage,
rises for 2 ms. The control deviation (difference between
reference and actual current, green) is less than 0.1% after
2.6 ms and less than 0.01% after 5 ms, which is well within
the specifications.
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Urea-SCR for diesel engines: unraveling
the reaction mechanism of HNCO hydrolysis

Oliver Krécher, I1zabela Czekaj, Gaia Piazzesi, Combustion Research Laboratory, PSI

Selective catalytic reduction (SCR) with urea is the most efficient process for the reduction of NO, in diesel ex-

haust gas. Urea acts as a safe and environmentally benign precursor substance for ammonia, which is the ac-
tual reducing agent for NO, on the SCR catalyst. Siid-Chemie and the Paul Scherrer Institute have developed a
urea decomposition catalyst based on TiO,, whose functionality was elucidated at PSI by a combination of DFT

calculations, DRIFT spectroscopy, catalytic tests and kinetic measurements.

In the SCR process to reduce NOy in diesel vehicle exhaust,
reducing agent urea has to be quantitatively and selectively
decomposed to ammonia, which is the actual reducing agent
in the SCR reaction. Whereas in conventional SCR systems the
urea solution is decomposed on the SCR catalyst, sophisti-
cated systems use a special catalyst upstream for this purpose.
Siid-Chemie and PSI have developed together such a urea
decomposition catalyst based on TiO,, with Siid-Chemie de-
veloping the coating process for metal monoliths and PSI
carrying out an in-depth investigation of the urea decomposi-
tion chemistry on different metal oxide materials. Tens of
thousands of urea decomposition catalysts based on TiO, from
Siid-Chemie are now on the road in MAN trucks.

Urea decomposition is a two-step process, in which urea first
breaks down into ammonia and isocyanic acid. In a second
phase the isocyanic acid hydrolyses easily into ammonia and
carbon dioxide. Since only the second step of urea decompo-
sition, i.e. isocyanic acid hydrolysis, is accelerated by catalysts,
we focused our research on understanding this second reac-
tion step better with the aim of developing improved decom-
position catalysts.

We were able to reveal the reaction mechanism of the isocyanic
acid hydrolysis on TiO; in our laboratory with a combination
of DFT calculations, DRIFT spectroscopy, catalytic tests and
kinetic measurements. The course of the reaction is illus-
trated in Figure 1 and can be summarized as follows: after the
adsorption of isocyanic acid, water attacks the isocyanate
group and carbamic acid forms on the surface. The carbamic
acid is then transformed into a carbamate complex, which
leads to CO, desorption and the formation of an NH, group.
In the last step of the hydrolysis reaction, hydrogen is trans-
ferred from molecularly adsorbed water to the NH, group and
NHs finally desorbs.

We assume this is a universal mechanism for this reaction,
which will be used for virtual catalyst screening based on

Deoo!

Figure 1: Mechanism of the isocyanic acid hydrolysis on the (101)
surface of TiO; in the anatase phase.

computer DFT calculations to identify the most active metal
oxides in their best conformations. On the basis of these re-
sults we hope to be able to design and prepare lighter and
improved urea decomposition catalysts, which will help to
lower NOy and carbon dioxide emissions of future diesel ve-
hicles.
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The PSI CVD-diamond x-ray beam monitors

Clemens Schulze-Briese, Claude Pradervand, Harald Sehr, Helmut Schift, Jens Gobrecht, Research Department
Synchrotron Radiation and Nanotechnology, PSI; Roland Horisberger, TEM, PSI; Michael Horisberger, NUM, PSI;

Elke Zimoch, Dirk Zimoch, GFA, PSI

The development of innovative devices at PSI benefits from the broad spectrum of research activities and from
the quality and high motivation of its employees. This permitted the development of high-precision beam profile
and beam position monitors for hard X-rays based on thin membrane CVD-diamond technology. These high-
vacuum compatible, compact devices are ideally suited for monochromatic and filtered white beams. Highest

transmission in conjunction with submicron resolution makes them ideally suited for online beam-monitoring.

Commercialization is planned for 2008.

Third-generation synchrotron sources provide collimated
beams which can be focused with advanced X-ray optics to
submicron focal spot size. Thermal drifts and other perturba-
tions induce positional and angular distortions, which seri-
ously jeopardize the benefits of these unique properties. X-ray
beam monitors are required to measure beam position and
profile continuously to allow on-line correction. Over the past
years we have developed a new class of X-ray beam monitors
based on thin CVD-diamond membranes, which offer several
advantages over existing technology. The most important is
their low absorption, which allows several devices to be in-
stalled along the beamline for full control of all optical ele-
ments. When X-rays are absorbed in the membrane, they give
rise to electron-hole pairs, which can be measured as a
photo current. The distribution of the currents is used to de-
termine beam position and profile. CVD-diamond on Si-sub-
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Figure 1: Pixel array of profile monitor (left) with bond wires
(centre) and APC128 read-out chip.

strate is purchased in Germany [1], while all other processing
steps are carried out in different PSI laboratories.

Two different devices were developed: a quadrant monitor
for on-line position monitoring of the X-ray beam and a pix-
elated beam profile monitor for on-line imaging. The latter
consists of 256 pixels, whose measurements are acquired by
an integrated circuit originally conceived for high-energy ap-
plications [2].

The 256-pixel sensor is read out by a standalone control
system which is based on a multi-chip module CPU with se-
rial, USB and Ethernet ports, yet is not larger than four jewel
cases stacked on top of each other. This CPU runs on Linux
and is interfaced by an FPGA (Field Programmable Gate Array)
to the sensor, which ensures maximum flexibility and allows
for future extensions. An EPICS driver has been developed for
sensor readout and has been implemented in the control
system. This allows for an easy integration with the beamline
control system.

The quadrant monitors have been in routine operation at the
protein crystallography beamlines of SLS for several years and
are — besides the excellent stability of the SLS machine - the
reason for their world-renowned beam stability. Their spatial
resolution was determined to be better than 100 nm and the
pico-ampere meter typically limits temporal resolution.
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Low energy electron detector from PSI for
monitoring the particle environment in space

Wojtek Hajdas, Ken Egli, Christina Eggel, Stefan Scherrer, Niklaus Schlumpf, Bernd Schmitt, PS/;

Ali Mohammadzadeh, ESA

The Low Energy Electron Detector LEED is a miniature particle monitor for measurements in space. It is based on

the MYTHEN Si-microstrip developed at PSI for X-ray detection at the SLS. The space version covers energies from

a few up to a few hundred keV and is optimized for very high fluxes and a harsh radiation environment. The device

aims to monitor space weather, map planetary radiation belts and study hot plasmas and particle acceleration.

The Low Energy Electron Detector LEED was designed in col-
laboration with the European Space Agency (ESA) to provide
a new instrument covering an unexplored energy range of
space electrons below a few dozen keV. The device shall
demonstrate that ESA and its partners can develop miniature
and cost-effective radiation monitors. The requirements on
such monitors are very demanding and often contradictory.
First the ideal monitor must be of low mass and size and draw
minimal power. It should also detect very high fluxes with good
energy resolution, efficient particle discrimination and back-
ground suppression. Its radiation hardness should be at least
100 krad for Earth-orbiting missions and about 1 Mrad for
flights to Jupiter.

As result of our detailed studies we based LEED on the Micro-
strip system for the time-resolved experiment MYTHEN Si-
microstrip instrument built at PSI for synchrotron X-ray detec-
tion at SLS - see Fig. 1.

MYTHEN uses the PSI-designed ASIC coupled with a microstrip
Si-detector. The circuit is resistant to radiation, works at room
temperature and offers simultaneous processing for 128
channels. Each channel is equipped with a low-noise pream-

Figure 1: Test
structure with the
Si-microstrip
detector bonded to
the MYTHEN
readout ASIC.

Figure 2:

= CAD model
of the LEED
prototype.

plifier and fast shaping electronics, followed by a discrimina-
tor and a counter. Superior ASIC parameters are crucial for
meeting space monitoring specifications and for its efficient
and reliable operation. LEED should detect the highest an-
ticipated particle fluxes in space and operate in extreme ra-
diation environments like the Jupiter radiation belts. Its re-
duced power consumption, low total mass and size are major
improvements over all its predecessors. The first version with
enhanced radiation hardness levels is already designed for
distant planetary missions — see Fig. 2.

LEED was extensively modeled using the GEANT package from
CERN. The results were confirmed by laboratory tests with
radioactive sources. Our current efforts should make it pos-
sible to reduce the low-energy threshold of the monitor using
novel Si-diodes with negligible dead-layer thickness on the
surface. A fully functional prototype is now under construction.
At the moment the standard MYTHEN sensors are used. Further
optimization of strip widths to minimize multiple responses
is under consideration.

The Swiss Space Office and ESA are supporting the develop-
ment of LEED. The instrument has already attracted interest
from industry, including PSI spin-off company DECTRIS as well
as the large Oerlikon Space corporation. Future implementa-
tions onboard the International Space Station and on micro
satellites are currently investigated.
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Tc-tricarbonyl labelling of vitamin B12: towards the
first clinical study of a new radiopharmaceutical

Peter Blauenstein, Robert Waibel, Jiirgen Bader, Raimo Pellikka, Roger Schibli,

Center for Radiopharmaceutical Science, PSI

Vitamin B12, which is mainly present in meat and absent in plants, is essential for cell growth. Our organism

needs it to replace dead cells and maintain the normal function of all organs. Tumor cells also need Vitamin B12

and in some cases make excessive use of it. A radiolabeled Vitamin B12 analogue was developed and success-

fully tested pre-clinically. Producing a safe product and a reliable labeling process is rather demanding, so

considerable time was spent developing a radiopharmaceutical that is authorised for human usage. We expect

it to help improve treatment of cancer patients.

The introduction of Tc(CO)3(H,0)3* as a new labeling tool (see
also last year’s report) has attracted wide interest in the radi-
opharmaceutical community, mainly due to the isolink kit
which was developed and patented as part of a co-operation
between PSI| and Mallinckrodt. However this tool is of minor
importance if there is no application in clinical practice. This
means compounds with specific biological properties have to
be evaluated.

A new vitamin B12 radiopharmaceutical

Since Vitamin B12 is an important factor for cell growth it is
of potential interest for tumor diagnosis and therapy. A key
property is its affinity to the Vitamin B12 transporters Transco-
balamin | and 1l (TC I and TC Il). One of many compounds,
which were investigated in vitro and in mice, it binds selec-
tively to TCI. The lost affinity to TC Il is why uptake is reduced
in many organs but still high in tumors. Animal experiments
proved the hypothesis. The next step is human application.

GMP — Good Manufacturing Practice

The GMP synthesis of the precursor was carried out by our
partner Solidago and finished at the end of 2006. Risk analy-
sis forced us though to reevaluate the labeling process in
2007. One example can illustrate the problems: morpholino-
ethane-sulfonic acid (MES) is an optimal buffer for Tc-tricar-
bonyl labeling of VitaminB12, but should not be injected into
patients. Chromatographic analysis has trouble revealing MES
and itis impossible to guarantee complete elimination during

Figure 1: Safety is not only a matter of process and product
analysis but also staff training: learning how to perform
HPLC-purification.

chromatographic (HPLC) purification. Replacing MES by a
physiologic phosphate buffer led to the formation of a side
product.

Many improvements were necessary to reach the point where
human usage can be considered. To receive permission from
the authorities (e.g. the Swiss Federal Health Office) vast
amounts of paperwork are necessary but also crucial since it
must be proven that a new drug is safe before it is injected in
humans for the first time. Good results in patients, which
hopefully will confirm the results obtained in animals, will
help us to find an industrial partner for further clinical studies
(multi-center study) which are beyond our capacity.
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Successful demonstration of long-term catalyst
stability in the methane from wood process

Tilman. J. Schildhauer, Martin Seemann, Serge M. A. Biollaz, Samuel Stucki, Laboratory for Energy and Materials
Cycles, PSI; Daniel Ulrich, CTU — Conzepte Technik Umwelt AG, Winterthur; Reinhard Rauch, TU Wien

A 1 MW-Process Development Unit (PDU) is being set up in Giissing/Austria to demonstrate the production of

synthetic natural gas by wood gasification and the subsequent methanation of producer gas (methane from

wood process). PSI carried out long duration tests on a 10-kW scale to prove that the process concept for the

methanation step enables catalyst stability for more than 1,000 hours with high methane content. This test

shows that stable runs on the 1-MW PDU should be possible; an important milestone for the commercialisation

of the process has been reached.

The production of synthetic natural gas (SNG) by wood gasi-
fication and subsequent methanation of producer gas (meth-
ane from wood process) is headed for commercialisation.
Within the European Union project BioSNG, a 1-MW Process
Development Unit (PDU) is under construction and will dem-
onstrate the complete process from wood to SNG on a techni-
cal scale.

Research at PSI has focussed on the conversion of the product
gas from the gasifier to a methane-rich mixture within a flu-
idised bed reactor filled with catalyst particles. For this pur-
pose, a fully automated methanation set-up on a 10-kW scale
was connected to the industrial biomass gasifier in Glissing/

Austria. Using this set-up, PSI carried out long-duration tests
to prove that the operational range for the methane from wood
process is suitable for industrial application.

As sulphur poisoning has been one of the main issues during
previous tests, special attention was paid to optimising sul-
phur removal. As shown in figure 1, the chosen operating
conditions are representative for the planned operation of the
1-MW PDU and allowed us to demonstrate catalyst stability
for more than 1,000 hours with a high methane content of
about 40% and a very small amount of CO (less than 0.5%).
With this result, an important milestone for the commerciali-
sation of the process has been reached.
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Figure 1: PSI 10 kW scale test facility (inside white container) at the industrial wood gasifier in Giissing/Austria (left), concentrations

of methane and carbon oxides during the 1000h test (right)
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104 Research and user labs

1170 Commission
and committees

<« The new state-of-the-art
control room opened in 2007
simplifies management of
all the major research facilities.

Research centre and user lab

The Paul Scherrer Institute (PSI) is a multi-disciplinary research
centre for natural sciences and technology. Research priorities lie in
areas of basic and applied research, particularly in fields that are
relevant for sustainable development, as well as of major importance
for teaching and training, but which are beyond the capabilities of a
single university department. In national and international collabora-
tions with universities, other research institutes and industry, PSl is
active in solid-state physics, materials sciences, elementary particle
physics, life sciences, nuclear and general energy research, and en-
ergy-related environmental research.

The institute is committed to future generations by paving the way
for sustainable development of society and economy. Through its
research, PSlacquires new basic knowledge and actively pursues the
application of this knowledge within industry.

With 1,280 employees, it is the largest national research institute and
is unique in Switzerland. PSI develops and operates complex research
installations that call for especially high standards of know-how,
experience and professionalism, and is one of the world’s leading
user laboratories for the international scientific community.
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Research and user labs

PSI’s total expenditure on R&D, construction and operation of research facilities, infrastructure and services in

the year under review amounted to CHF 280 million. The Swiss Federal Government provided 85% of this figure,

amounting to CHF 237.5 million.

Investments reached CHF 52.7 million (19 % of the total
budget). HR costs were CHF 169.7 million (61%). Total costs
dropped by CHF 10 million to around CHF 280 million. Third-
party funding in 2007 amounted to CHF 55.7 million, 44% of
which came from private business and 27% from Swiss fed-
eral research programs (Swiss National Science Foundation,
Federal Energy Office); 13% was derived from EU programs.

PSI Financial Statement (in CHF millions)

2007
Expenses
Operations 227.3 81 %
Investments 52.7 19 %
Total 280 100 %
Thereof from:
Federal government funding 237.5 85 %
Third party expenditure 425 15 %
HR (incl. trainees, ongoing staff 169.7 61 %
education and scheduled work)
Third party revenue from
Private industry 24.4 44 %
Federal research funding 15 27 %
EU programs 7.3 13%
Other 9.0 16 %
Total 55.7 100 %

70% to user lab

Some 70% of total expenditure in 2007 was linked to PSlI’s
function as a user laboratory. External pressure from foreign
users continued to restrict the time available for the Institute’s
own research activities. In a long-term perspective, this trend
should not be encouraged, as PSI can only provide optimal
support and consultative services for external users if its own
research remains at a consistently high level.

User lab 2007

SLS SINQ SuS |Particle| PSI | (2006)
physics | Total

No. of 13 13 6 8 40 (40)
beamlines/
instruments
No. of 849 347 1368 8 1372 | (1058)
experiments
No. of 2399 614 204 300 3517 | (2758)
user visits
No. of users | 1228 366 163 130 1887 | (1421)

At the end of 2007, some 1,280 people were employed full-time
at PSI. Three quarters of these employees (approx. 77 %) live
in canton Aargau, 10% in canton Zurich, and the rest in other
cantons as well as across the border from Switzerland. 22%
of employees are women, and 39% of staff are foreign citi-
zens.

Training in high demand

In 2007, 270 postgraduates completed their PhD theses
wholly or partly at PSI, benefiting both from the research fa-
cilities and from the support of PSI staff. More than 170 of
these were funded by PSI. At the end of the year the institute
also employed 76 apprentices in 12 different areas.

With its commitment to doctoral education, as well as to
teaching at the two Swiss Federal Institutes of Technology
(ETH) and at classical and applied sciences universities, PSI
is a major contributor to the Graduate School sector. Recog-
nized the world over, our cutting-edge research, as well as our
user lab with its global reach, ensure that students are com-
petitive on the international scene. More than 70 PSl scientists
had teaching commitments at classical and applied science
universities in 2007.
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Taking the strain off the Swiss universities

In 2007 PSI spent some CHF 35 million on training and infra-
structure facilities for PhD students, as well as on university
teaching. Around 75% of this was for post-graduate students
from universities and from the Zurich and Lausanne ETH in-
stitutes. By providing research training and lab facilities for
postgraduates and external research groups, PSI takes a

Basic PhD training at PSI -
women comprise a quarter of student employees.

Other 9%

Engineering sciences 25% “

Physics 42%

Biology 3%

Chemistry and Biochemistry 21%

Educational background
of PSI doctorate students

Abroad 8%
Swiss Universities 11%

ETHZ/EPFL 81%

considerable financial and academic burden off the shoulders
of the Swiss universities.

Alongside academic and vocational training, PSI also offers
courses on radiation protection and reactor technology. The
institute’s special schools gave 3,000 lectures that were at-
tended by more than 2,000 professionals in 2007.

Research at PSl is closely linked to the design, development
and operation of large, complex research facilities. Unique in
Switzerland, we are also, thanks to this specialty, the biggest
national scientific research institute. Indications of our success
and standing are on the one hand the number of papers pub-
lished by our scientists in refereed journals, and on the other
the impact score that tallies how often publications are cited
by other researchers.

Bibliometric data supplied by the University of Leiden shows
that the output of scientific articles from PSI rose again. With
more than 8oo publications last year, the result was well above
the ten-year average of 500. The impact score (citations) has
also regularly risen and currently stands at 2,500 per year.
This means that on average each paper is referred to between
three and five times by other scientists.

An attractive partner

PSI’s main research fields — solid-state and particle physics,
life sciences, energy research — are also generally those in
which the institute’s researchers have a middle to high impact
factor. There is a close fit between PSI’s research profile and
scientific output. Some 80% of our publications are in our
core areas. Analysis of various collaborations shows that PSI
is an attractive partner, especially at the international level.
This, as well as the institute’s outstanding impact score, puts
us among the world’s leading research centers.

SLS

ter range as well as spectrometry.

The Swiss Light Source
(SLS) is both a massive
microscope and a giant
x-ray machine. It accel-
erates electrons close
to the speed of light
and steers them with
special magnets so that
the characteristic high
intensity synchrotron light follows a pre-defined path. This
electromagnetic radiation spanning from infrared wave-
lengths to hard X-ray light is ideally suited to structural analy-
sis of matter and of ultra-fine material surfaces in the nanome-

SINQ

the accelerator.

The Spallation Neu-
tron Source (SINQ) is
another oversized mi-
croscope. It produces
neutrons, which at PSI
are mostly used for
experiments in mate-
rials research, solid-
state physics (e.g. su-
perconductors, magnetic and ferroelectric materials) and
technology (neutron radiography). The neutrons are pro-
duced via spallation reactions induced by bombarding
heavy metals (for example lead) with a proton beam from
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Life Sciences 20%

5

Solid-State Research
and Materials Sciences 35%

General Energy Research 14%

Nuclear

Energy Research 15% -. ‘ ‘

Particle and
Astrophysics 16%

In the total budget distribution for 2007 (incl. external funding)
across PSl divisions, research facilities — in particular accelerator, SLS
and SINQ — were allocated to the various departments.

Administration 7 %

Technical
personnel 49 %

Research personnel 35%

S 1

Engineers 9%

HR structure clearly reflects PSI's function as a user lab. The large-
scale facilities and complex research equipment require a high technical
staffing level.

PSl as a user lab

PSI’s three major experimental research facilities, SLS, SINQ
and SuS, offer an internationally unique combination of com-
plementary methods for structural research, spectroscopy and
materials structuring. PSl aims to continue attracting the best
international scientists in their fields. This means that our
employees, our research spectrum and infrastructure as well
as our vital research culture must all meet the highest de-
mands.

In 2007, PSI’s user laboratory, a leading national and interna-
tional centre, recorded more than 3,500 visits by about 1,900
scientists who carried out 1,400 experiments. Around half the
available time for experiments was given over to research
groups from PSl and Swiss universities, with the rest going to
foreign researchers, most of them from the European Union.
Foreign users representing 61 nationalities came from insti-
tutes in 34 countries. The experiments at the three main fa-
cilities led to 359 scientific publications. Publications in top
journals such as “Science®, “Nature®, “Cell* and “Physical
Review Letters* rose significantly. Altogether 66 articles and
reports in relation with PSI’s NUM and SYN research domains
were published in this category, including 5o that involved
experiments with the SLS, SINQ and Sys facilities

60 million Swiss francs

PSlinvests 60 million Swiss francs yearly for the development
and operation of research facilities for Switzerland’s universi-
ties.

Neutrons for
MARS

MARS is the newest in-
strument at SINQ. Due
to its high-energy reso-
lution, this backscatter-
ing spectrometer great-
ly extends the range of
experimental possibili-
ties of the large scale fa-
cility.

SuS

Harnessed to the pro-
ton accelerator, the
Swiss Muon Source
(SpS) produces muons
by directing the pro-
ton beam on a carbon
target. When implant-
ed in materials, these
unstable elementary
particles function like minute gyroscopes, providing precise
information aboutlocalized internal magnetic fields. Thanks
to their spins (individual angular momentum), muons serve
as highly sensitive probes that are widely used in materials
and solid-state research.
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Thirty per cent more experiments at the SLS

The Swiss Synchrotron Light Source (SLS) has been operating
for six years and is considered one the best facilities of its
type in the world. In 2007, 1,228 scientists carried out 849
experiments there, benefiting from the top-quality beamlines.
This was a 30 per cent increase over the previous year. The
scope of experiments being carried out is wide. For example,
the structure of proteins is being probed, crucial for the de-
velopment of pharmaceuticals and the understanding of hu-
man genome functions. The synchrotron light is also used to
determine the structure and properties of new materials and
material surfaces, and allows the implementation of new
imaging techniques. Demand for the SLS’ extremely stable
synchrotron light is enormous: all its instruments are over-
booked, sometimes by a factor of six to eight. At the end of
2007, there were 13 beamlines in use at the SLS, and five more
are planned or under construction.

Ten years of successful operations at SINQ

The proton accelerator was originally developed over 30 years
ago for fundamental experiments in particle physics. Today,
70 per cent of the protons produced are for the spallation
neutron source SINQ, the most powerful facility of its type in
the world. Currently, there are 13 instruments available for
experiments with neutrons. Last year, 370 scientists from
Switzerland and abroad made use of them. The year 2007 was
also cause for special celebration by SINQ’s builders and
managers, with a decade of successful operations.

Research with SINQ focuses mainly on solid-state physics and
materials science. Superconductors will be particularly im-
portantin the future, as they can conduct current without loss

at certain temperatures. So far, they must be cooled to at least
minus 125 degrees Celsius. To improve on this, the mechanism
of superconductivity needs to be fully understood — one of
the challenges facing SINQ researchers. Another specialty of
SINQ groups is research into new materials that combine
electrical and magnetic properties. This helps for example the
development of materials for sensors, transducers as well as
high-performance data storage.

Around one third of the proton current is used to create the
world’s most intense continuous muon flow. The Swiss muon
source SuS includes six instruments that were used by 160
scientists in 2007 for nearly 170 research projects. Muons are
used as sensitive magnetic probes, especially for solid-state
physics, materials science and chemistry.

Unique research offer

Demand for instrument time and experiment slots is at times
eight times more than what is available (this is the case for
protein crystallography). This means that only the best projects
get beam time. Allocation is based on research proposals that
are made to an international committee of scientific ex-
perts.

Active in environmental research

Understanding environmental problems and developing
greener technologies requires complex research equipment.
PSlis developing and managing large-scale facilities that are
used intensively in this field. Two SLS beamlines are also to
be set aside to study the dispersion and intensification of
harmful substances in the atmosphere, as well as the long-

Particle physics

The hot-lab

Particle physics inves-
tigates the fundamen-
tal building blocks of
matter and their inter-
actions. Many experi-
ments have confirmed
the standard physical
model with great ex-
actitude, but one ele-
ment of this theoretical structure - the Higgs boson — has yet
to be found. Particle physics is currently engaged on a two-
fold quest, on one hand seeking the Higgs and on the other a
new supersymmetry that will link elementary particles and
the different interacting forces, helping explain gravity.

The PSl hot-lab is home
to applied materials re-
search on highly irradi-
ated radioactive sam-
ples and radioactive
waste disposal. The
only facility of its type
in Switzerland, it pro-
vides backup for Swiss
nuclear power plants as well as for university and industrial
research.
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term storage of radioactive waste. The proton accelerator
allows for the production of short-lived radionuclides that can

be used to study atmospheric chemistry.

In environmental research, analysis of ice cores now benefits
from the help of a new type of accelerator/mass spectrometer
that allows for carbon 14 dating of very small samples. In PSI’s
smog chamber, researchers are carrying out experiments that
simulate the formation of aerosols and provide new knowledge
about these airborne particles that have a real impact on the

climate.

Particle and high-energy physics

The excellent experimental conditions provided by the world’s
most intense pion and muon beams attracted research teams
from Europe, the United States, Russia and Japan. Their ex-
periments focused on the fundamental properties of these
tiny particles. The MEG experiment, which looks for unusual
forms of decay in muons, has now been installed and tested,
with data collection to begin in spring 2008. A project involv-
ing a source of ultra cold neutrons is in the final construction
phase and will begin the search for the neutron’s electric dipole
moment in 2009. This type of experiment and others at PSI
are seeking out very subtle, but also very important, effects

for the comprehension of particle physics.

PSl is also an active participant in the high-energy program
ofthe LHC collider at CERN near Geneva. One of the Institute’s
important tasks has been the development, construction and
operation of a new type of pixel detector to precisely retrace
the path of particles inside the so-called CMS experiment. The
construction of this technologically demanding detector was
pushed through last year so that it could be installed at CERN

in spring 2008.

Expansion of cancer therapy

The expansion of the proton therapy facility for the treatment
of cancerous tumors (Proscan Project) continued last year.
The new superconducting medical cyclotron Comet was put
into operation in February 2007 with the existing Gantry 1.
Around 50 patients benefited from this new radiation therapy
technology. PSl is still the only institute anywhere in the world
offering the high-precision Spot-Scanning radiation technique.
Other projects abroad are now starting to implement this
technology

PSI has granted industrial licenses for its precision radio-
therapy scanning technology. Commercial facilities in Ger-
many using the scanning process and compact cyclotron de-
veloped at PSI will soon begin operations. Further projects
are in planning or construction phase. Swiss industry has
benefited from this development work carried out at the In-
stitute with sales of components and systems.

A new type of radiation gantry, Gantry 2, is in the final con-
struction phase. It will be able to handle tumors that move
during treatment (breast, lungs). Gantry 2 will probably ready
for patient treatment in the first half of 2009 after tests are
completed. From then on, PSI will have two high-precision
radiation systems dedicated to medical treatment that should
be able to handle 500 to 600 cancer patients per year for
proton therapy. A new radiation treatment facility for eye tu-
mors (OPTIS 2) should also be ready at the beginning of 2008.
In 2007, more than 220 patients were successfully treated at
the existing OPTIS facility.

Jochen Stahn loves surprising effects, especially
on the surface of materials. The 38-year-old
chemistry PhD observes these effects with the
help of neutrons at PSI’s SINQ.

The solar furnace

PSl’s solar concentra-
tor, an 8.5 m diameter
concave mirror, focus-
es solar radiation to an
intensity of 5000 suns.
The high temperatures
(up to 2000° C) created
inside a special reactor
are used for research
into solar-chemical processes such as efficient production of
solar fuels. A high-flux solar simulator twice as powerful
was recently installed for experiments into radiation under
controlled conditions irrespective of the weather.

The smog chamber

The smog chamber
helps simulate specific
conditions for atmos-
pheric chemistry ex-
periments. A 27-m3 Te-
flon sack can be filled,
for example, with ex-
haust gases for expo-
sure to artificial sun-
light, and the ensuing chemical reactions can be observed
and measured. The results can be used in some cases to de-
termine what chemical reactions take place when there are
high concentrations of fine particles in the atmosphere.
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Commission and committees

(status end of 2007)

Research Commission

External Members

Prof. Dr. H.-R. Ott, President
Prof. Dr. G. Aeppli

Prof. Dr. W. Baumeister
Prof. Dr. F. Carré

Prof. Dr. H. H. Coenen
Prof. Dr. R.W. Falcone
Prof. Dr. @. Fischer

Prof. Dr. R. Klanner

Prof. Dr. Erkki Leppavuori
Prof. Dr. T. Mason

Prof. Dr. ). Rossbach

Prof. Dr. Th. Sattelmayer

Internal Members

Prof. Dr. ). Mesot, President
Dr. M. Ammann

Prof. Dr. K. Ballmer-Hofer
Dr. B. Delley

Dr. R. Eichler

Dr. P. Hasler, Secretary

Dr. R. Horisberger

Dr. I. Mantzaras

Dr. W. Pfingsten

Dr. N. Schlumpf

Dr. U. Staub

Prof. Dr. H. Van Swygenhoven
Dr. F. Vogel

Permanent Guest
Prof. Dr. N. Spencer

Laboratory for Solid-State Physics, ETH Zurich, CH

University College London, UK

Max Planck Institute for Biochemistry, Martinsried/Munich, DE
CEA, Gif-sur-Yvette, FR

Institute for Nuclear Chemistry, Forschungszentrum Jiilich, DE
ALS, Lawrence Berkeley National Laboratory, Berkeley, US
Department of Condensed Matter, University of Geneva, CH
Institute for Experimental Physics, University of Hamburg, DE
VTT Technical Research Centre of Finland, VTT, FI

Oak Ridge National Laboratory, Oak Ridge, US

Institute for Experimental Physics, University of Hamburg, DE
Chair of Thermodynamics, TU Miinchen, Garching, DE

Condensed Matter Research with Neutrons and Muons (NUM)
Particles and Matter (TEM)

Life Sciences (B10)

Condensed Matter Research with Neutrons and Muons (NUM)
Particles and Matter (TEM)

Life Sciences (B10)

Particles and Matter (TEM)

General Energy (ENE)

Nuclear Energy and Safety (NES)

Particles and Matter (TEM)

Synchrotron Radiation and Nanotechnology (SYN)
Condensed Matter Research with Neutrons and Muons (NUM)
General Energy (ENE)

Department of Materials, ETH Zurich, CH
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Research Committees

Synchrotron Radiation SYN
Scientific Advisory Committee (SAC)

Prof. Dr. M. Altarelli, President
European XFEL Project, DESY, Hamburg
Prof. Dr. T. Baer

University of North Carolina, USA

Prof. Dr. P. Cramer

Ludwig-Maximilian University Munich, DE
Prof. Dr. W. Eberhardt

BESSY GmbH, Berlin, DE

Prof. Dr. R. Fourme

Synchrotron Soleil, Gif-sur-Yvette, FR
Prof. Dr. F. Farges

Université de Marne la Vallée, FR

Prof. Dr. ). Hastings
SSRL/SLAC, Stanford, USA

Prof. Dr. G. Margaritondo

EPFL, CH

Prof. Dr. G. Materlik

Diamond Project, Oxfordshire, UK
Prof. Dr. R. Prins

ETH Zurich, CH

Prof. Dr. T. Richmond
ETH Zurich, CH

Condensed Matter Research with
Neutrons and Muons NUM

SINQ Scientific Committee

Dr. A. Boothroyd, Chairman
Oxford University, UK

Prof. Dr. C. Bernhard

University of Fribourg. CH

Prof. Dr. R. Caciuffo

Institute for Transuranium Elements,
Karlsruhe, DE

Dr. B. Fak

CEA, Grenoble, FR

Dr. J.-L. Garcia-Munoz

Institute for Material Science, CSIC, ES
Prof. Dr. S. Lee

University of St. Andrews, UK

Prof. Dr. ). Loffler

ETH Zurich, CH

Prof. Dr. K. Mortensen

Danish Polymer Centre, Risg, DK

Dr. A. Stradner

University of Fribourg, CH

Dr. M. Worle

ETH Zurich, CH

Myon Spin Spectroscopy

Prof. Dr. H. Keller, President

University of Zurich, CH

Prof. Dr. A. Baldereschi

ITP, EPFL, CH

Prof. Dr. R. De Renzi

Universita di Parma, IT

Prof. Dr. E. M. Forgan

University of Birmingham, UK

Prof. Dr. ). Gomez Sal

Universidad de Cantabria, Santander, ES
Prof. Dr. F. J. Litterst

IMNF, TU Braunschweig, DE

Prof. Dr. A. McFarlane

Univ. of British Columbia, Vancouver, CDN
Dr. F. Pratt

ISIS, RAL, Chilton, UK

Dr. B. Roessli
Paul Scherrer Institute/ETH Zurich, CH

Particles and Matter TEM
Experiments at the Ring Cyclotron
Prof. Dr. C. Hoffman, President
LAMPF, Los Alamos, USA

Prof. Dr. A. B. Blondel

University of Geneva, CH

Dr. D. Bryman

TRIUMF, Vancouver, CDN

Dr. P. Cenci

I.N.F.N. sez. di Perugia, IT

Prof. Dr. S. Paul

Technical University of Munich, DE
Prof. Dr. M. Pendlebury

University of Sussex, UK

Dr. R. Rosenfelder

Paul Scherrer Institute, Villigen, CH

Prof. Dr. L. Tauscher
University of Basel, CH

Life Sciences BIO

Prof. Dr. D. Neri, President

ETH Zurich, CH

Prof. Dr. Ch. Glanzmann

University Hospital Zurich, CH

Prof. Dr. M. Griitter

Biochemical Institute, Univ. of Zurich, CH

Prof. Dr. U. Haberkorn
Universitatsklinikum Heidelberg, DE

Prof. Dr. S. Werner
ETH Zurich, CH

Nuclear Energy and Safety NES

Dr. Ch. McCombie, President
Gipf-Oberfrick, CH

P. Hirt

Atel, Olten, CH

Prof. Dr. M. Giot

Université Catholique de Louvain, BE
Dr. P. Miazza

Nuclear Power Plant Miihleberg, CH
Dr. U. Schmocker

HSK, Wiirenlingen, CH

Dr. ).B. Thomas

CEA-Saclay, Gif-sur-Yvette, FR

Prof. Dr. S. Virtanen

Universitat Erlangen, DE

Dr. P. Zuidema
Nagra, Wettingen, CH

General Energy ENE

Prof. Dr. T. Peter, President
ETH Zurich, CH

Dr. T. Kaiser

ALSTOM (Schweiz), Birr, CH
Prof. Dr. H. Miiller-Steinhagen
DLR, Stuttgart, DE

Prof. Dr. Ph. Rudolf von Rohr
ETH Zurich, CH

H.U. Schérer

BFE, Berne, CH

Prof. Dr. L. Schlapbach
Empa, Diibendorf, CH

Prof. Dr. A. Voss
University of Stuttgart, DE
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Info Material) or by phone +41 (0)56 310 21 11.

The lists include the following:
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<« "Proton radiation therapy
clearly improves patient
outcomes for different types
of cancer,” says PSI chief
physician Eugen Hug.
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INVITED TALKS

Hug E.
lonentherapie in USA, Europa, und im deutschsprachigen Raum
12.Alpbacher Seminar fur Radio-Onkologie. Alpbach/Tirol, Austria,

Hug E.
Medizin und Kommerz — Werte, Leistungen, Abhangigkeiten
Alpbacher Seminar fir Radio-Onkologie, Alpbach/Tirol, Austria, April 2007

Hug E.
Protonentherapie am PSI
Kantonsspital Aarau, April 2007

Hug E.
Protontherapy in Children
Dept. Of Radiation Oncology, Uppsala University Medical School, Sweden, May 2007

Hug E.
Proton Radiotherapy in Neuro-Oncology: Indications, Advantages, Limitations
Landeskrankhenhaus, Feldkirch, Austria, May 2007

Hug E.

Moglichkeiten der verbesserten Krebstherapie mit Protonen

Handelskammer Hamburg. Kolloguium: Neue Techniken zur effizienten Behandlungen von
Krebserkrankungen, 2007

Hug E.

Proton Radiotherapy for Tumors of the Skull Base: Indications, Advantages,
Limitations

Pre-Meeting Teaching Course, Particle Therapy Cooperative Group, PTCOG 46,
Wanijie, Zibo, China, May 2007

Hug E.

Proton Radiation Therapy for Uveal Melanomas

Pre-Meeting Teaching Course, Particle Therapy Co-Operative Group, PTCOG 46, Wanijie, Zibo,
China, May 2007

Hug E.
Proton Radiotherapy
International Conference on the Future of Medical Science,Umberto Veronesi, Milano, Italy, 2007

Hug E.
30 Jahre Protonen Radiotherapie. Erfolge, Versaumnisse, Ausblicke
13. Jahreskongress der Deutschen Gesellschaft fir Radioonkologie DEGRO, Hannover, Germany, 2007



Hug E.

Proton Therapy in Pediatric Oncology

International Symposium on Protons, lons and Neutrons in Radiation Oncology, Technical University,
Munich, Germany, July, 2007

Hug E.
Clinical results of proton radiotherapy
lon Beams in Biology and Medicine Meeting, Heidelberg, Germany, September 2007

Hug E.

30 Jahre Protonen-Radiotherapie: Klinische Resultate und Applikationen

Jahrestagung, der Deutschen, Osterreichischen und Schweizerischen Gesellschaften fir
Hamatologie/Onkologie, Basel, Switzeralnd, October 2007

Hug E.
Protonen-Radiotherapie
Symposium ,Energie in der Tumortherapie“, Dachau, Germany, November 2007

Hug E.
The pediatric patient
SIRR Monothematic Meeting, Trento, Italy, November 2007

Hug E.
The treatment of ocular diseases
SIRR Monothematic Meeting, Trento, Italy, November 2007

Hug E.
Protonen-Radiotherapie: Indikationen und Stellenwert im Rahmen der Prazisions-Strahlentherapie
Oncology Rounds/Lymphoma Rounds, University Hospital Zurich, Switzerland, December 2007

Hug E.
Multidisciplinary Oncology Conference, CHUV, Lausanne, Switzerland, December 2007

Lomax A.J.
Proton therapy: Is there a point to the Bragg peak?
St Georges Hospital, Sydney, Australia, October 2007

Lomax A.J.
Current challenges in scanned proton therapy
St Georges Hospital, Sydney, Australia, October 2007

Lomax A.J.
Proton therapy: More than a peak in the mountains?
Peter MacCallum Cancer Centre, Melbourne, Australia, October 2007

Lomax A.J.
Intensity Modulated Proton Therapy: More than a peak in the mountains?
University of Adelaide, Australia, October 2007

Lomax A.J.
Intensity Modulated Proton Therapy: Things we have learnt (and are still learning)
University of Adelaide, Australia, October 2007

Lomax A.J.
Intensity Modulated Proton Therapy: Things we have learnt (and are still learning)
Keynote lecture, EPSEM-ABEC, Fremantle, Australia, October 2007



Lomax A.J.
State-of-the-art in Proton Therapy: Modern delivery technigues and current challenges
Keynote lecture, EPSEM-ABEC, Fremantle, Australia, October 2007

Lomax A.J.
Managing treatment interruptions in radical radiotherapy
University Hospital Zurich, Switzerland, September, 2007

Lomax, A.J.
Have we forgotten the ALARA principle in IGRT?
ESTRO physics congress, Barcelona, Spain, September 2007

Lomax A.J.
Proton therapy: Application and Quality assurance
Dreilaendertagung (DGMP/SGSMP/OGMP), Bern, Switzerland, September 2007

Lomax A.J.

Curing cancer with protons

Keynote lecture, International Conference on Biomedical Applications of High Energy lon Beams,
University of Surrey, UK, August, 2007

Lomax A.J.
Proton therapy: An Overview
49" AAPM Annual Meeting, Minneapolis, USA, July, 2007

Lomax A.J.

Proton therapy: Past present and future

‘La Fisica Medica in Lombardia: 30 anni di esperienza nellambito della Scuola di Specializzazione in
Fisica Sanitaria, Unversita Degli Studi di Milano, Milan, Italy, May 2007

Lomax A.J.
Advance proton therapy: The physicists eye view
Kantonspital Aarau, Switzerland, May 2007

Lomax A.J.
Active scanning for particle radiotherapy: The chance and the challenge
1% workshop on instrumentation for charged particle therapy, Imperial College London, UK, May 2007

Lomax A.J.
Active scanning for light-ion therapy: The chance and the challenge
National Physical Laboratories, London, UK, May 2007

Pedroni E.
Proton Gantries — design considerations and state of the art
Med-AUSTRON ,Gantry Workshop 2007, Vienna, Austria, March 2007

Pedroni E.

Gantry 2 — the next generation scanning gantry of PSI — an instrument for new technological
developments in proton therapy

Dreilandertagung Medizinphysik 2007, (Schweizerische Gesellschaft fiur Strahlenbiologie und
Medizinische Physik), Berne, Switzerland, September 2007

Timmermann B.

Protonentherapie im Kindesalter.

2. Miunsteraner Symposium zu Spatfolgen nach Tumortherapie im Kindes- und Jugendalter Minster,
Germany, January 2007



Timmermann B.
Innovative Approaches in Radiation Therapy: Stereotactic RT, Cyberknife, Tomotherapy
Barcelona, PROS, Spain, June 2007

TEACHING ACTIVITIES (LECTURES)

Hug E.
Skull base and paraspinal chordomas and chondrosarcomas: Experience 1998-2006, Future directions
1% ESTRO teaching course on Hadron Therapy, Heidelberg, Germany, October 2007

Hug E.
Proton treatment delivery: passive scattering vs. active scanning technique
1% ESTRO teaching course on Hadron Therapy, Heidelberg, Germany, October 2007

Hug E.
Proton radiation therapy for uveal melanoma
1 ESTRO teaching course on Hadron Therapy, Heidelberg, Germany, October 2007

Hug E.
Radiation Therapy for childhood cancer, the issue: cure, complications in the surviving Patient
1% ESTRO teaching course on Hadron Therapy, Heidelberg, Germany, October 2007.

Lomax A.J.
Immobilisation and image guidance for proton RT
1% ESTRO teaching course on Hadron Therapy, Heidelberg, Germany, October 2007

Lomax A.J.
Motion management for active scanning: Rescanning and gating
1% ESTRO teaching course on Hadron Therapy, Heidelberg, Germany, October 2007

Lomax A.J.
Treatment planning and pitfalls of active scanning and IMPT
1% ESTRO teaching course on Hadron Therapy, Heidelberg, Germany, October 2007

Lomax A.J.
Clinical application of ion beams: beam delivery using active and passive scattering
1 ESTRO teaching course on Hadron Therapy, Heidelberg, Germany, October 2007

Timmermann B.
Krebserkrankungen bei Kindern und Protonentherapie
VHS-Kurs der Stadt Brugg, Switzerland, Januar 2007

Timmermann B.

Klinische Studien in der Protonentherapie

In der Seminarreihe ,Partikeltherapie” fur Arzte und Studierende an der Universitat Marburg, Germany,
June 2007

Timmermann B. Lederer L.
Protonen
Fortbildung fir MTRAs auf der DEGRO, Hannover, Germany, June 2007
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Ares C., Kahn S., Gruber G., MacArtain A.M., Lutters G., Heuberger J., Bodis S., Lomax A.J.
Postoperative Proton Radiotherapy for Localized and Loco-Regional Breast Cancer: Potential for
Clinically Relevant Improvements?

11™ Annual Meeting of the SASRO, Aarau, Switzerland, March 2007

Ares C., Kahn S., Gruber G., MacArtain A.M., Lutters G., Heuberger J., Bodis S., Lomax A.J.
Postoperative proton radiotherapy for localized and loco-regional breast cancer: potential for clinically
relevant improvements?

ASTRO 2007, Los Angeles, USA, October 2007

Ares C., Khan S., Gruber G., Mac Artain A.M., Lutters G., Heuberger J., Bodis S., Hug E., Lomax AJ.
Intensity-Modulated Proton- versus Photon Radiotherapy for Locoregional. Left sided Breast Cancer: A
Dose-Comparison to Heart and Ipsilateral Lung

14™ European Cancer Conference, ECCO-ESTRO meeting, Barcelona, Spain, September 2007

Albertini F., Bolsi A., Ares C., Broggi S., Cattaneo M., Lomax A.J.

Effects of metal implants on proton dose distribution

Dreilandertagung Medizinische Physik 2007, Deutschen Gesellschaft fir Medizinische Physik, Bern,
Switzerland, 2007

Bolsi A., Pasler M., Albertini F., Lomax A.J.
Effects of residual positioning errors on proton dose distributions
10th SASRO Meeting, Aarau, March 2007

Bolsi A., Pasler M., Albertini F., Lomax A.J.
Results of residual dose positioning errors on the dose distributions
SASRO X, Aarau, Switzerland, April 2007

Bolsi A., Lomax A., Goitein G., Hug E.
Experiences with a remote patient positioning procedure for high-throughput proton radiation therapy
Workshop "Patient Positioning in Radiotherapy", Kantonsspital Miinsterlingen, Switzerland, May 2007

Bolsi A., Albertini F., Lomax A.J.

Range adaptation with proton scanning technique

ICCR 2007, The radiotherapy Dynamic XVth International Conference on the Use of Computers in
Radiation Therapy, Toronto, Canada, June 2007
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—  Nano-structured substrates for single cell proteomics
F. Zoller, Maurice E. Mller-Institute for Structural Biology, Biozentrum, University of Basel,
2007

B. Schmitt, A. Bergamaschi, Diploma thesis and semesterial work coached

Mythen Control System 6
H.Nikles, M.Federli, R. Schumperli, ABB Techniker Schule Baden, 2007

M. Stampanoni, Semester and Diploma coached

—  Roboter fiir die Handhabung von Messproben
M. Barendregt, Berner Fachhochschule, Fachbereich Mikrotechnik, Dez. 2007

P.R. Willmott, Diploma coached

—  The atomic and electronic structure of the interface of thin LaAlO; films on SrTiO;
S.A. Pauli, Physik Institut, Universitat Zirich, October 2007

INVITED TALKS

R. Abela
Shining Light on Europe
10" Anniversary of Spring 8, Harima, Japan, 19.-20.10.2007

R. Abela
Research Highlights at the SLS
Seminar EMBL Hamburg, Germany, 16.3.2007

C. David
Diffractive optics for x-rays and neutron imaging applications
EOS Topical Meeting on Diffractive Optics 2007, Barcelona, Spain, 21-23.11.2007

A. Bendounan
Study of high temperature superconductors by ARPES: Bi2223 and LSCO components
University of Wuerzburg, Wuerzburg, Germany, 18.12.2007

A. Bendounan
Etude d’états quasi-bidimensionnels par ARPES and STS
University of Rennes I, Rennes, France, 06.11.2007
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A. Bendounan
Low dimensional electronic structures studied by ARPES and STS
University of Naples, Naples, Italy, 15.06.2007

A. Bendounan

High resolution ARPES on low-dimensional structures

Internationnal seminar on Strong Correlations and Angle-Resolved Photoemission
Spectroscopy, Dresden, Germany, 16.04.2007

O. Bunk, F. Pfeiffer

Coherent scattering experiments at x-ray free electron laser sources / Imaging at all length
scales,

International School “Scattering for Biologists”, Paul Scherrer Institut, Villigen, Switzerland, 23-
26. Oct. 2007

H. Dil

Rashba spin-orbit splitting in quantum well systems and surface alloys measured by spin
resolved ARPES

Institut fur Festkorperforschung, Forschungzentrum Julich, Julich, Germany, 29.10.2007

U. Flechsig
Optische Prézisionsmesstechnik und Vibrationen
Erschitterungsseminar bei Basler & Hofmann, Zirich, Switzerland, 31.5.2007

A. Fraile-Rodriguez
X-Ray Spectromicroscopy— a powerful tool for the study of magnetic materials
Curtin University of Technology, Perth, Australia, 09.10.2007

A. Fraile-Rodriguez
Application of x-ray spectromicroscopy to study magnetic properties of individual nanocrystals
University of Zurich, Zirich, Switzerland, 14.11.2007

A. Fraile-Rodriguez
Application of x-ray spectromicroscopy to study magnetic properties of individual nanocrystals
University of Konstanz, Konstanz, Germany, 16.11.2007

J.Gobrecht

Nanofabrication of controlled surface patterns

Nanoscience in the Snow, organized by NCCR Nano, Berghotel Panorama, Klewenalp,
Switzerland, March 21 - 23, 2007

J. Gobrecht
Nanotechnologie und Umwelt(schutz)
Swiss Engineering, FHNW, Brugg-Windisch, Switzerland, March 24, 2007

J. Gobrecht

Nanotechnologie — neue Hoffnungen fiir die Verpackungstechnolgie?

DLG-Kongress, Verpackungs- und Logistiksysteme fir Minimally processed, Chilled und
Convenience Food, Kéln, Germany, March 28-30, 2007

J. Gobrecht
Nanotechnology at PSI: From x-ray optics to nanofabrication
CNI-Kolloquium, Forschungzentrum Jdlich, Julich, Germany, April 30, 2007

J. Gobrecht, B. Gobrecht

Wozu braucht Schneewittchen sieben Nanotechnologen

Festkolloquium ,Aus dem Alltag des Physikochemikers”, Universitat Stuttgart, Stuttgart,
Germany, July 13, 2007

J. Gobrecht
Neues aus der Nanotechnologie
Rotary Club Zurzach-Brugg, Restaurant Vierlinden, Unterbdzberg, Switzerland, 3.9.2007

J. Gobrecht
Nanotechnologie eréffnet neue Anwendungen fiir Kunststoffe
Herbstanlass, WirtschaftsForumZurzibiet, PSI, Villigen, Switzerland, October 31, 2007

J. Gobrecht
Mikro- und Nanostrukturierung
Mikro- und Nanotechnologie fir die MEM-Industrie, Empa, Diibendorf, Switzerland, 6.11.2007
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J. Gobrecht
Introduction Nanotechnology: State of the technology and trends
Nestal Maschinen AG, Néfels, Switzerland, November 15, 2007

S. Gutmann
Research activities at the SLS MX beamlines
Novartis Institute for Biomedical Research, Basel, Switzerland, 13.6.2007

S. Gutmann
Macromolecular crystallography at the Swiss Light Source
The first Croatian synchrotron radiation summer school, Rijeka, Croatia, 3.-7.9.2007

S. Gutmann
Micro-crystallography at the Swiss Light Source beamline X06SA
MRC Laboratory of Molecular Biology, Cambridge, UK, 21.10.2007

L.J. Heyderman
Patterned magnetic thin films
Seagate, Londonderry, Northern Ireland, 2.3.2007

L.J. Heyderman
Patterned magnetic thin films
Hitachi, San Jose, USA, 7.05.2007

L.J. Heyderman

Exploring The Limits of Patterned Media Fabrication with EUV Interference Lithography
Seagate Springtown European Magnetic Storage Conclave, Londonderry, Northern Ireland, 28-
29.6.2007

L.J. Heyderman

Magnetization reversal and spin structures in cobalt antidot arrays

Bragg-Stoner Symposium: “Magnetism and Synchrotron Light”, University of Leeds, Leeds, UK
26-27.7.2007

L.J. Heyderman
Patterned magnetic thin films
CIC biomaGUNE, Parque tecnolégico de San Sebastian, Spain, 17.9.2007

S. L. Johnson
Ultrafast x-ray absorption spectroscopy: studying energy relaxation in laser-excited solids
Workshop on X-ray absorption spectroscopy and theory of XAS, Villigen, Switzerland, 1.3.2007

S. L. Johnson

Ultrafast x-ray science with solid state systems: New ways to observe structure on a
femtosecond time scale

ETH Zurich, Switzerland, 21.5.2007

S. L. Johnson

Coherent structural dynamics in femtosecond laser-excited materials studied by grazing
incidence x-ray diffraction

University Kassel, Germany, 10.12.2007

T. A. Jung
Nano-Wissenschaft ...und viele Schritte zur Technologie
Tagung ,Praktischer Umweltschutz’ (PUSH), Zirich, Switzerland, 3.4.2007

T. A. Jung
Nano-Wissenschaft ...und viele Schritte zur Technologie
Werkstatt Ernaehrung und Gentechnologie, 15.11.2007

K. Kuepper, C. Quitmann, J. Raabe, M. Buess, J. Fassbender

Dynamic Vortex-Antivortex Interaction in a Single Cross-Tie Wall

6th International Symposium on Atomic Level Characterizations for New Materials and Devices,
2007, Kanazawa, Japan, 30.10.2007

Ph. Lerch, P. Dumas
Synchrotron infrared micro-spectroscopy in biomaterials research
2007 EMRS Fall Meeting, Warschau, Poland, 17-21.9.2007
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M. Matena, N. Wintjes, S. Boz, T. Samuely, M. Stoehr, J. Lobo-Checa, S. Schintke, H.
Spillmann, S. Schnell, L. Gade, F. Diederich, A. Baratoff, T. A. Jung

Wissenschaft und Technik mit einzelnen Molekuelen

Seminar given at the Occasion of a visit of BASF members of the Board at the University of
Basel, Switzerland, 24.8.2007

A. Menzel
Small-Angle X-Ray Scattering at the SLS
Surface and Interface Science Group Meeting, Grenoble, France, 29.10.2007

F. Nolting
Probing Magnetism on the Nanoscale using Photoemission Electron Microscopy
International Symposium "Spin Waves 2007", St. Petersburg, Russia, 17.-20.6. 2007

F. Nolting
X-Ray Dichroism — a powerful tool for the study of magnetic materials
6th PSI Summer School on Condensed Matter Research, Zuoz, Switzerland, 19.-24.8 2007

C. Padeste

Nanostructured functional polymer brushes grafted onto polymer substrates

Russian-Swiss Seminar on Grafted Polymers in Biomedical Applications, Kandersteg,
Switzerland, 20.-22.10.2007

L. Patthey
Spectroscopic analysis of modern materials at the SLS
Workshop on Oberflachenanalyse von Polymeren, EMPA, St.Gallen, Switzerland, 16.03.2007

L. Patthey

Soft-X-ray ARPES: Getting around the surface and final state effects

International Workshop on Strong Correlations and Angle-Resolved Photoemission
Spectroscopy, Dresden, Germany, 23.- 27.4.2007

L. Patthey

Angle- and spin-resolved photoemission studies of three-dimensional band structure in
transition metal oxides

Joint seminar on Rare-Eath/Transtion Metal Compounds, Dresden University of Techniology,
Dresden, Germany, 13.11.2007

F. Pfeiffer
Coherent x-ray imaging at the Paul Scherrer Institut: Current status and future perspectives
1* European XFEL User Meeting, Hamburg, Switzerland, 20.01.2007

F. Pfeiffer
Phasenkontrastbildgebung mit Rntgenstrahlen
Fortbildungsseminar - Radiologischen Abteilung, Kantonsspitals Aarau, Switzerland, 14.02.2007

F. Pfeiffer
X-Ray Phase Retrieval and Coherent Imaging for Life Science Applications
London Center of Nanotechnology, London, U.K.,15.02.2007

F. Pfeiffer
X-Ray Phase Retrieval and Coherent Imaging for Life Science Applications
DIAMOND Light Source, Oxfordshire, U.K., 29.03.2007

F. Pfeiffer
Coherent Diffractive Imaging at X-ray Free-Electron Lasers
PSI-XFEL workshop, Bern, Switzerland, 20.04.2007

F. Pfeiffer
X-Ray Diffraction Microscopy of Extended Objects
Advanced Photon Source, User Meeting, Argonne, lllinois, U.S., 09.05.2007

F. Pfeiffer
XFEL Detector Specifications
XFEL Detector workshop, Hamburg, Germany, 11.05.2007

F. Pfeiffer

X-Ray Phase Contrast Imaging New Trends and Perspectives

Colloquium in Honor of Jens-Als Nielsen, Niels Bohr Institute, Copenhagen, Denmark,
01.06.2007
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F. Pfeiffer
X-Ray Phase Contrast Imaging using a Grating Interferometer
Lyncean Technologies, Palo Alto, CA, U.S., 22.06.2007

F. Pfeiffer
X-Ray Diffraction Microscopy of Extended Objects Ptychography
International Conference on X-ray Coherence, Monterey, CA, U.S., 28.06.2007

F. Pfeiffer
X-Ray Lensless Imaging of Extended Objects Ptychography
Gordon Research Conference on X-ray Physics, New England, NH, U.S., 07.08.2007

F. Pfeiffer
Coherent X-Ray Diffraction Imaging of Extended Objects — Ptychography
SLS User Meeting, PSI, Switzerland, 11.09.2007

F. Pfeiffer

New Trends in Coherent X-ray Imaging

EU Conference on an Eastern European Synchrotron Source, BRNO, Czech Republic,
21.11.2007

F. Pfeiffer
Advanced X-ray Imaging with a Grating Interferometer
Biomedical Imaging workshop, Copenhagen University, Denmark, 10.12.2007

C. Quitmann
X-Ray Microscopy of magnetic Micro-Structures
Forschungszentrum Dresden - Rodssendorf, Rossendorf, Germany, 1.2.2007

C. Quitmann
X-Ray Microscopy with very high spatial and temporal resolution
University of Konstanz, Konstanz, Germany, 19.7.2007

J. Raabe

POLLUX: The new beamline for spectromicroscopy at the SLS

CemNet Workshop 2007: Cement Research at Large-scale Facilities, Villigen, Switzerland,
20.10.2007

J. Raabe, M. Buess, Ch. Quitmann

The dance of the domains: excitations and switching in magnetic microstructures studied by x-
ray microscopy

17" International Vacuum Congress (IVC17), Stockholm, Sweden, 2. - 6.7.2007

S. Russo
Protein Crystallography at the Swiss Light Source
Scripps Research Institute, Department of Cell Biology, La Jolla, CA, USA, 26.06.2007

S. Russo
Crystal structure of the transcriptional regulator CIgR from C. glutamicum
Froschungszentrum Juelich, Germany, 30.10.2007

H. Schift, T. A. Jung, H. Solak, J. Gobrecht, C. David, J. Brugger, E. Meyer

Ultimate nano-device fabrication by integration of self-assembly and top of the line lithographies
Module Proposal for Nano-scale Devices & Processes, Nanotera Workshop, Pfaeffikon Schwyz,
Switzerland, 24.-25.5.2007

H. Schift
Nanoimprint lithography in NaPa — steps towards a library of processes
NaPa-Day, Berlin, Germany, 29.10.2007

H. Schift
Nanofabrication with polymers — nanoimprint lithography
EMPA-Seminar, St. Gallen, Switzerland, 22.11.2007

H. Schift

Nanoimprint lithography — more than more Moore

The 4" International Symposium for Nanoscale Mechatronics & Manufacturing (ISNMM), Center
for Nanoscale Mechatronics and Manufacturing (CNMM), Seoul, Korea, 13.-14.12.2007

’
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H. Schift
Nanofabrication methods: enabling technology for bio-applications
China Novartis Institutes for BioMedical Research, Shanghai, China, 18.12.2007

H. Schift
Nanoimprint lithography — more than more Moore
Fudan University, Shanghai, China, 19.12.2007

J. Schlappa

Resonant inelastic soft x-ray scattering on the spin-ladder/spin-chain cuprate system
Sr14CuU24044

Workshop on Ultra High Resolution Resonant Inelastic X-Ray Scattering with Soft X-Rays, Paul
Scherrer Institut, Villigen, Switzerland, 12.9.2007

J. Schlappa

Investigation of electronic order using resonant soft x-ray diffraction

Ernst-Eckhard-Koch-Preis 2007 for the extraordinary PhD work, Verein der Freunde und
Foerderer BESSYs, Berlin, Germany, 6.12.2007

C. M. Schlepiitz
Surface Diffraction Experiments with Pixel Detectors
Surface and Interface Science Group Meeting, Grenoble, France, 29.10.2007

T. Schmitt

Resonant Inelastic X-Ray Scattering on Cuprates

Invited by J. Mesot to give a seminar for the MaNEP-meeting at Paul Scherrer Institut, Villigen
PSI, Switzerland, 21.5.2007

T. Schmitt, V.N. Strocov, T. Schmidt, U. Flechsig, Q. Chen, G. Ghiringhelli, A. Piazzalunga, X.
Wang, C. Dallera, A. Imhof, B. Jakob, D. Zimoch, C. Vollenweider, V. Schénherr, A. Jaggi, R.
Betemps, M. Kropf, C. Hess, R. Widmer, F. Dubi, J. Krempasky, L. Braicovich, M. Grioni, L.
Patthey

ADRESS beamline status

Parallel Session: Ultra High Resolution Resonant Inelastic X-Ray Scattering with Soft X-Rays,
8" SLS Users Meeting 2007, Paul Scherrer Institut, Villigen PSI, Switzerland, 12.09.2007

T. Schmitt, V.N. Strocov, J. Schlappa, T. Schmidt, U. Flechsig, Q. Chen, A. Imhof, B. Jakob, C.
Vollenweider, J. Raabe, V. Schénherr, A. Jaggi, R. Betemps, M. Kropf, C. Hess, R. Widmer, F.
Dubi, J. Krempasky, L. Patthey, J. Mesot, G. Ghiringhelli, A. Piazzalunga, C. Dallera, L.
Braicovich, X. Wang, M. Grioni

The ADRESS Project at the Swiss Light Source: A Beamline for Soft X-ray RIXS and
ARPESStudies on Correlated Materials

20" Annual MAX-lab User Meeting and Science at MAX IV Workshop, Session: Very High
Resolution Soft X-Ray Spectroscopy, MAX-lab, Lund, Sweden, 29.-31.10.2007

C. Schulze-Briese
A short report
3rd annual meeting, DIAMOND, UK, 20.02.07

C. Schulze-Briese
Protein crystallography at the Swiss Light Source
Cells, Barcelona, Spain, 20.03.07

C. Schulze-Briese
Cool data and fast detectors - the SLS MX-beamlines
BSR, Manchester, UK, 14.08.07

C. Schulze-Briese
PILATUS 6M - Protein Crystallography with six million detectors
ECM24, Marrakech, Morocco, 24.08.07

C. Schulze-Briese
Perspectives for Macromolecular Crystallography at the ESRF
ESRF Upgrade Meeting, Grenoble, France, 24.10.07

M. Shi

ARPES on HTSCs

Correlated Electron Materials, 6th PSI Summer School on Condensed Matter Research
Zuoz, Switzerland, 18.- 25.8.2007
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M. Shi

ARPES on High Tc Superconductors

The 31st International Symposium on Dynamic Properties of Solids — DyProSo XXXI, Porto,
Portugal, 25.- 29.9 2007

H. Sigg, S. Tsujino, M. Scheinert, G. Mussler, D. Gritzmacher
Si-based mid-infrared quantum cascade laser structures on SiGe virtual substrate
Fifth Intern. Conf. on Silicon Epitaxy and Devices (ICSI-5), Marseille, France, 20 — 25.5.2007

H. Sigg

Spectroscopy of the direct gap interband transition in Ge/SiGe quantum wells

Universita degli Studi di Milano — Bicocca, Dipartimento di Scienza dei Materiali, Milano, Italy
28.3.2007

H. H. Solak

Pushing the limits of nano-patterning with extreme ultraviolet interference lithography

33nd Conference on Micro- and Nano- Engineering MNE2007, Kopenhagen, Denmark, 24-
26.09.2007

H. H. Solak

Nanolithography in the extreme ultraviolet range

15th International Conference on Vacuum Ultraviolet Radiation Physics, Berlin, Germany,
29.07-3.08.2007

H. H. Solak
Extreme Ultraviolet Interference Lithography
Universitat Bielefeld, Group Physik Supramolekular Systeme, Bielefeld, Germany, 26.01.2007

H. H. Solak
Extreme ultraviolet interference lithography at PSI
IEUVI Resist TWG Meeting, Sapporo, Japan, 1.11.2007

H. Spillmann, M. Stoehr, N. Wintjes, M. Wahl, A. Kiebele, J. Hornung, D. Bonifazi, L. Gade, F.
Diederich, T. A. Jung

Molecular and Supra-Molecular Self Assembly at Surfaces: From Assemblies to functional
Devices

Physical Chemistry Seminar, University of Zurich, Zlrich Switzerland, 7.6.2007

M. Stampanoni
The Swiss Light Source
Visit of Delegation of University of Kassel, Germany, Apr. 13, 2007

M. Stampanoni
TOMCAT s first year
EPFL Directorate, Lausanne, Switzerland, May 8th , 2007

M. Stampanoni
Synchrotron-based X-ray imaging: a powerful tool for biomedical investigations
Seminar at the Anatomischen Institut der Universitat Zirich, Zurich, Switzerland, May 30, 2007

M. Stampanoni
Micro and Nano X-ray imaging at the Swiss Light Source
Institute for Biomechanics, ETHZ, Zirich, Switzerland, Aug. 28, 2007

M. Stampanoni
TOMCAT: a beamline for TOmographic Microscopy and Coherent rAdiology experiments
CEMNET, Paul Scherrer Institut, Villigen, Switzerland, Sep 10, 2007

M. Stampanoni
TOMCAT: Operation and further developments
8th SLS Users’ Meeting, Paul Scherrer Institut, Villigen, Switzerland, Sep. 12, 2007

M. Stampanoni

TOMCAT: X-ray Tomographic Microscopy at a superbend

Workshop on: “Petra Ill Micro and Nano Tomography Beamlin”, DESY-Hamburg, Germany,
Sep. 14 2007
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M. Stampanoni

Synchrotron based X-ray Tomographic Microscopy: cutting-edge technology for non-destructive
investigations

IBT Seminar, ETH Zurich, Zurich, Switzerland, October 5™ 2007

M. Stampanoni,

Synchrotron based X-ray Tomographic Microscopy: cutting-edge technology for non-destructive
investigations,

IMAGENE Retreat Internal Workshop, Kartause Ittingen, Switzerland, October 10", 2007

U. Staub
Charge, Magnetic, and Orbital Ordering: The View from Resonant X-ray Diffraction
APS Usersmeeting, Argonne National Laboratory, Argonne, USA, 7-12.5.2007

U. Staub
X-ray Magnetic and Orbital Scatteirng Studies of Rare-Earth and Transition Metal Compounds,
XRMS2007 (X-ray spectroscopy of magnetic solids), ESRF Grenoble, France, 6-8.2.2007

V.N. Strocov

Photoemission final states by very-low-energy electron diffraction: Resolving electronic structure
in 3-dimensional k-pace

International seminar on Strong Correlations and Angle-Resolved Photoemission Spectroscopy,
Dresden, Germany, 16.- 21.4.2007

V.N. Strocov

Photoemission final states by very-low-energy electron diffraction: Resolving electronic structure
in 3-dimensional k-pace

International seminar on Strong Correlations and Angle-Resolved Photoemission Spectroscopy,
Dresden, Germany, 16.- 21.4.2007

V.N. Strocov

Photoemission final states by Very-Low-Energy Electron Diffraction (VLEED):
Resolving electronic structure in 3-dim k-space

EPFL, Lausanne, 26.6.2007

M. Stoehr, H. Spillmann, N. Wintjes, M. Wahl, S. Schintke, A. Kiebele, D. Bonifazi, L. Gade, F.
Diederich, T. A. Jung

Molecular and Supra-Molecular Self Assembly at Surfaces: Adressable Multi-stable Devices
Seminar given at the Max Planck Institute for Solid State Physics, Stuttgart, Germany,
18.7.2007

M. Stoehr, N. Wintjes, H. Spillmann, S. Schintke, A. Baratoff, D. Bonifazi, L. Gade, F. Diederich,
T. A. Jung

Molecular and Supra-Molecular Self Assembly at Surfaces: Towards Adressable Multi-stable
Devices

Seminar, Sony Materials Science Research Laboratory, Stuttgart, Germany, 19.12.2007

M. Stoehr, N. Wintjes, H. Spillmann, S. Schintke, A. Baratoff, D. Bonifazi, L. Gade, F. Diederich,
T. A. Jung

Molecular and Supra-Molecular Self Assembly at Surfaces: Towards Adressable Multi-stable
Devices

ISeminar, University of Bonn, Bonn, Germany, 21.12.2007

M. Stoehr, N. Wintjes, H. Spillmann, S. Schintke, A. Baratoff, D. Bonifazi, L. Gade, F. Diederich,
T. A. Jung

Molecular and Supra-Molecular Layers on Solid Surfaces: Bringing Surface Science to Materials
with unprecedented, tunable properties

PSI-EMPA Student day, held at Paul Scherrer Institute,Villigen, Switzerland, 20.11.2007

M. Stoehr, H. Spillmann, T.A. Jung

Bilder und Bildsequenzen Beispiele aus der Wissenschaft

Workshop zum Thema Bilder in der Wissenschaft, organisiert durch das ,National Center for
Competence in Research’ (NCCR) Bildkritik,Basel, Switzerland, 20.3.2007

M. Stoehr, H. Spillmann, N. Wintjes, M. Wahl, A. Kiebele, D. Bonifazi, L. Gade, F. Diederich,
T. A. Jung

Supra-Molecular Self Assembly at Surfaces: From Assemblies to functional Devices

2nd molCH surf discussion meeting held on, at the SNF headquarter, Bern, Switzerland,
19.6.2007
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T. Tomizaki
Application of PILATUS detector to protein crystallography
The 2™ International Symposium on Diffraction Structure Biology, 13.9.2007

J. F. van der Veen

Fluids in confinement — how fluid are they?

Colloquium Van der Waals-Zeeman Institute, University Amsterdam, Amsterdam, Netherlands,
16.01.2007

J. F. van der Veen
Fluids in confinement — how fluid are they?
Physics Colloquium University Munich, Germany, 07.05.2007

M. Wang, C. Schulze-Briese

Small is Beautiful: Protein Micro-crystallography at SLS

2007 American Crystallographic Association Annual Meeting, Salt Lake City, USA, 21.-
26.7.2007

P.R. Willmott

Highlights of the SLS, 2007

Annual Meeting of the Swiss Crystallographic Society, Paul Scherrer Institut, Villigen,
Switzerland, 13.09.2007

P.R. Willmott
Surface X-ray Diffraction of Complex Metal Oxides
Department of Physics, University of Geneva, Switzerland, 02.10.2007

P.R. Willmott
Surface X-ray Diffraction of Complex Metal Oxides
European Synchrotron Radiation Facility, Grenoble, France, 13.11.2007

P.R. Willmott
Surface X-ray Diffraction of Complex Metal Oxides
Max Planck Institut fir Metallforschung, Stuttgart, Germany, 11.12.2007

ORAL PRESENTATIONS

V. Auzelyte, H. H. Solak, Y. Ekinci, R. MacKenzie, V. Janos, S. Olliges, R. Spolenak

Large Area Arrays of Metal Nanowires

33nd Conference on Micro- and Nano- Engineering MNE2007, Kopenhagen, Denmark, 24-
26.09.2007

V. Auzelyte, H. H. Solak, Y. Ekinci, R. MacKenzie, J. Voros, S. Olliges and R. Spolenak
Arrays of Dense sub-10 nm Gold Nanowires for Electronics,
Material Research Society Fall Meeting Boston, USA, November 26-30, 2007

V. Auzelyte, H. H. Solak, H. Sigg, G. Egeland

Direct Formation of ZnO Nanostructure Arrays by Exposure of a Zn Compound to Extreme
Ultraviolet Interference Patterns

Material Research Society Fall Meeting Boston, USA, November 26-30, 2007

M. Bech, R. Feidenhans'l, O. Bunk, C. David, F. Pfeiffer
Phase Contrast Imaging with Hard X-rays,
NIST / DARPA workshop on Compact Light Sources, Arlington, Virginia, USA. October 4, 2007

A. Bergamaschi, Ch. Broennimann, R. Dinapoli, E. Eikenberry, F. Gozzo, B. Henrich, M. Kobas,
P. Kraft, B. Patterson, B. Schmitt

Measurement of the spatial resolution limitation of single photon counting detectors

9th International Workshop on Radiation Imaging Detectors, Erlangen, Germany 22-26 July
2007

Y. Bodenthin, U. Staub, M. Garcia-Fernandez
Probing atomic multipoles with resonant soft x-ray scattering
7™ Autumn School on X-ray scattering, Smolenice, Slovakia,4.-6.10. 2007
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Y. Bodenthin, U. Staub, M. Garcia Fernandez, M. Janoschek, J. Schlappa, E. I. Golovenchits, V.
A. Sanina, S. G. Lushnikov

Exciting magnetic moments by an electric field in multiferroic ErMn,0O5

2007 Swiss Workshop on Materials with Novel Electronic Properties (MaNEP), Les Diablerets,
Switzerland, 2.8-30.9.2007

S. Boz, N. Wintjes, H. Spillmann, A. Kiebele, M. Stohr, D. Bonifazi, F. Cheng, F. Diederich, T.
A. Jung

An Addressable Supramolecular Multi-Stable Rotary Device

Swiss User Group Surfaces and Interfaces, SAOG 2007, Fribourg, Switzerland. Jan. 2007

S. Boz, N. Wintjes, H. Spillmann, A. Kiebele, M. Stohr, T.A. Jung, F. Cheng, D. Bonifazi, F.
Diederich

An Addressable Supramolecular Rotary Switch Featuring Distinguishable Positions Embedded
In A Two-Dimensional Porphyrin-Based Porous Network

American Physical Society (APS) March Meeting, Denver, USA, March 2007

S. Boz, M. Matena, M. Wahl, M. Stéhr, Lutz H. Gade, T. A. Jung
Creation of Open Networks from Perylene Derivatives
Deutsche Physikalische Gesellschaft DPG 71, Regensburg, Germany, March 2007

O. Bunk, F. Pfeiffer, A. Diaz, C. David, B. Schmitt, D.K. Satapathy, J.F. van der Veen

Iterative phase retrieval in one dimension for studying confinement induced ordering in
microfluidic arrays

Coherence 2007, Monterey, CA, USA, 25.-28. 6. 2007

O. Bunk, F. Pfeiffer
Coherent scattering experiments at x-ray free electron laser sources
SLS Symposium on X-ray Free Electron Laser, 2. 10. 2007

C. David, P. K. Sahoo, V. Auzelyte, Y. Ekinci, H. H. Solak, E. J. Tocce, C. Liu, K. O. Stuen, P. F.
Nealey

Nanofabrication of anti-reflective quartz surfaces using block copolymer structures

33nd Conference on Micro- and Nano- Engineering MNE2007, Kopenhagen, Denmark, 24-
26.09.2007

C. Dais, H. H. Solak, E. Mlller, H. Sigg, D. Gritzmacher
Si/Ge quantum dot crystals created by templated self-assembly
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Vertex 2007, 16th International Workshop on Vertex detectors, Lake Placid, USA, 23-28.9.2007
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Creation of porous networks from perylene derivatives
Swiss physical Society, SPS 2007, Zirich, Switzerland, Feb. 2007

M. Matena, M. Wahl, T. Samuely, T.A. Jung, L.H. Gade, M. Stohr
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International Conference on Nanoscience and Technology, Stockholm, Sweden, July 2007

N. Wintjes, H. Spillmann, A. Kiebele, M. Stohr, T.A. Jung, D. Bonifazi, F. Cheng, F. Diederich
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X-ray magnetic spectromicroscopy of single nanoparticles
8" SLS Users Meeting, PSlI, Villigen, Switzerland, 11.-12.09.2007
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X-ray reflectivity and surface force studies of ordering phenomena in confined fluids

8th SLS Users’ Meeting, PSI, Villigen, Switzerland, 10.—13.09.2007

M. Garcia-Fernandez, V. Scagnoli, U. Staub, M. Janousch, A. M. Mulders, Y. Tanaka, K.
Katsumata, Y. Huang, S. Grenier

Spin-state, metal-insulator and magnetic phase transitions in GdBaCo0,0s,5

Annual Meeting of the Swiss Physical Society, Zirich, Switzerland, 20-21.2.2007
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M. Garcia-Fernandez, U. Staub, Y. Bodenthin, S. M. Lawrence, A. M. Mulders, C. E. Buckley, S.
Weyeneth, E. Pomjakushina, K. Conder

Orbital and Magnetic ordering in RBaMn,Og studied by soft x-ray resonant powder diffraction
6th PSI Summer School on Condensed Matter Research: Correlated Electron Materials, Zuoz
Switzerland,18-25.8.2007

M. Garcia-Fernandez, U. Staub, Y. Bodenthin, S. M. Lawrence, A. M. Mulders, C. E. Buckley, S.
Weyeneth, E. Pomjakushina, K. Conder

Orbital and Magnetic ordering in RBaMn,Og studied by soft x-ray resonant powder diffraction
31st International Symposium on the Dynamic Properties of Solids, Porto, Portugal, September
25— 29.9.2007

C. Gourgon, N. Chaix, H. Schift, M. Tormen, S. Landis, C. Sotomayor Torres
Standard processes and benchmarking in thermal NIL within NAPA
EIPBN conference, Denver, CO, USA, 29.5.-1.6.2007

J. P. A. Grimshaw, G. Malojcic, C. U. Stirnimann, R. L. Owen, M. S. Brozzo, G. Capitani, M. G.
Grutter, R. Glockshuber

Dsbi, DsbL and ASST: Structural and functional characterisation of an alternative Dsbh-system
from pathogenic e-coli strains

NCCR Structural Biology Symposium, Zurich, Switzerland, 2007

S. Gutmann, A. Meents, D. Moller, S. Oberti, A. Neild, J. Dual, F. Coulibaly, E. Chiu, P. Metcalf,
C. Schulze-Briese

Rejuvenating an old technique - Recent developments at the SLS MX beamlines

NCCR Site Visit 2007, Zurich, Switzerland, 2.-3.4.2007

S. Gutmann, A. Meents, D. Moller, S. Oberti, A. Neild, J. Dual, F. Coulibaly, E. Chiu, P. Metcalf,
C. Schulze-Briese

Rejuvenating an old technique - Recent developments at the SLS MX beamlines

SLS User Meeting 2007, Villigen, Switzerland, 11.9.2007

C. Hintermdiller, J. S. Coats, A. Obenaus, G. Nelson, T. Krucker, M. Stampanoni

Assessment of radiation induced alternations in brain micro vasculature using x-ray tomographic
microscopy

18™ Annual NASA Space Radiation Investigators’, Rohnert Park, Jul. 13-15, 2007

C. Hintermdiller, J. S. Coats, A. Obenaus, G. Nelson, T. Krucker, M. Stampanoni

Assessing radiation induced alterations in brain micro vasculature using X-Ray tomographic
microscopy

8" SLS Users Meeting, Paul Scherrer Institut, Villigen, Switzerland, 11.-12.9.2007

I. Johnson, O. Bunk, X. Donath, A. Menzel, F. Pfeiffer, D. Renker
A Fast Framing 2D X-ray Detector for XPCS
Swiss Light Source Users’ Meeting, Villigen Switzerland, Sept. 10-13, 2007

S. L. Johnson, P. Beaud, F. Krasnigi, C. Milne, E. Vorobeva, R. Abela, D. Grolimund, G. Ingold
Observing femtosecond dynamics in solids with x-ray diffraction
8th SLS User's Meeting, Villigen PSI, Switzerland, 11.-12.9.2007

I. Johnson, O. Bunk, C. David, M. Dierolf, K. Jefimovs, F. Pfeiffer, J. M. Rodenburg, A. C. Hurst,
A. G. Cullis

Coherent Lensless X- ray Imaging

Annual Meeting of the Swiss Physical Society (SPS), Zurich, Switzerland, Feb. 20-21 2007

L. Joly, A. Kimel, F. Nolting, T. Rasing, R. Pisarev, A. Kirilyuk
Laser control of spins in an exchange bias system
8th SLS User meeting, Swiss Light Source, Villigen, Switzerland 10-13.09.2007

L. Joly, A. Kimel, F. Nolting, T. Rasing, R. Pisarev, A. Kirilyuk
Laser control of spins in an exchange bias system
11éme Colloque Louis Néel, Lyon, France 14-16.03.2007

L. Joly, A. Kimel, F. Nolting, T. Rasing, R. Pisarev, A. Kirilyuk
Laser control of spins in an exchange bias system
SPS annual meeting (Swiss Physical Society), University of Zirich, Switzerland 20-21.02.2007
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E. Kirk, S. Tsujino, T. Vogel, H. Sehr, J. Gobrecht, R. Ganter, A. Wrulich

Development of All-metal Field Emitter Arrays for high Current Applications

the Eighth IEEE International Vacuum Electronics Conference, Kitakyushu, Japan, 15-
17.5.2007

A. Linden, M. Wang, H.-B. Birgi, C. Schulze-Briese

Small Molecule Crystallography at the SLS X06SA Beamline

Annual meeting of Swiss Society for Crystallography, Paul Scherrer Institut, Villigen,
Switzerland, 12-13.9.2007

G. Malojcic, R. L. Owen, R. Glockshuber
Preparation and crystallographic analysis of DsbB-DsbA-Ubiquinone Q8 complex, Fiescheralp,
Switzerland, 2007

M. Mannini, F. Pineider, R. Sessoli, A. Cornia, Ph. Sainctavit, L. Joly, A. Caneschi, D. Gatteschi
Surface Effects On The Dynamics Of The Magnetization Of Single-Molecule Magnets
International Conferences on Fine Particle Magnetism, Rome, Italy 9-12.10.2007

F. Marone, Ch. Hintermieller, S. McDonald, R. Abela, M. Stampanoni

TOMCAT: X-ray tomographic microscopy

SLS, Workshop on: “X-ray micro and nanoprobes: instruments, methodologies and
applications”Erice, Villigen, Switzerland, 14-17 June 2007

F. Marone, M. Stampanoni, C. Hintermueller, S. McDonald, G. Mikuljan, A. Isenegger, R. Abela,
TOMCAT: X-ray tomographic microscopy
SLS, 8" SLS Users Meeting, Paul Scherrer Institut, Villigen, Switzerland, 11.-12.9.2007

M. Matena, M. Wahl, T. A. Jung, L. H. Gade, M. Stéhr
Creation of open networks with different pore sizes from perylene derivatives
Swiss User Group Surfaces and Interfaces, Saog 2007, Fribourg, Switzerland. Jan. 2007

E. Mengotti, L. J. Heyderman, A. Fraile-Rodriguez, F.Nolting, B. Braun, N. Saratz
Frustration in dipolar coupled nanoscale ferromagnetic array
PSI sommer school, Zuoz Switzerland, 17-25.8.2007

E. Mengotti, L. J. Heyderman, A. Fraile-Rodriguez, F.Nolting, B. Braun, N. Saratz
Frustration in dipolar coupled nanoscale ferromagnetic array
SLS user meeting, PSI-SLS Switzerland, 11.9.2007

A. Menzel, O. Bunk, X. Donath, L. Schulz, E. Zimoch, P. Jalocha, C. Lischer, |. Johnson, D.
Renker, P. Kraft, E.F. Eikenberry, B. Henrich, C. Bronnimann, T. Schmidt, Q. Chen, R. Abela, F.
Pfeiffer

cSAXS — The new Coherent Small-Angle X-Ray Scattering Beamline at the Swiss Light Source
Coherence Workshop, Pacific Grove CA, USA, June 25-28, 2007

A. Menzel, 1. McNulty, S. Rehbein, B. Pfau, C.M. Gunther, C. Rau, Y. Zhong, A. Peele, K.
Jefimovs, S. Eisebitt

X-Ray Phase-Contrast Microscopy using Singular Optics

Gordon Research Conference on X-Ray Physics, New London NH, USA, August 5-10, 2007

A. Menzel, O. Bunk, M. Dierolf, P. Thibaut, X. Donath, L. Schulz, E. Zimoch, P. Jalocha, C.
Luscher, 1. Johnson, D. Renker, P. Kraft, E.F. Eikenberry, B. Henrich, C. Brénnimann, T.
Schmidt, Q. Chen, R. Abela, F. Pfeiffer

cSAXS — The new Coherent Small-Angle X-Ray Scattering Beamline at the Swiss Light Source
SLS Users’ Meeting, Villigen, Switzerland, September 11-12, 2007

A. Menzel, I. McNulty, S. Rehbein, B. Pfau, C.M. Ginther, C. Rau, Y. Zhong, K. Vora, A. Peele,
K. Jefimovs, C. David, S. Eisebitt

X-Ray Phase-Contrast Microscopy using Singular Optics

SLS Users’ Meeting, Villigen, Switzerland, September 11-12, 2007

S. Merino, A. Retolaza, A. Juarros, H. Schift

The influence of stamp deformation on residual layer homogeneity in thermal nanoimprint
lithography

MNE2007, Copenhagen, Denmark, 23.-26.9.2007

K. Miiller, R. Bertschinger, A. Scheybal, T. A. Jung
Control of the self-organization of a pentacene ad-layer by post deposition of oxygen
Swiss User Group Surfaces and Interfaces, SAOG 2007, Fribourg, Switzerland. Jan. 2007
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K. Miiller, R. Bertschinger, A. Scheybal, T. A. Jung
Control of the self-organization of a pentacene ad-layer by post deposition of oxygen
Swiss physical Society, SPS 2007, Zirich, Switzerland. Feb. 2007

K. Miiller, A. Scheybal, R. Bertschinger, T. A. Jung
Modification of the Cu(110) Shockley surface state by an adsorbed pentacene monolayer
Swiss physical Society, SPS 2007, Zirich, Switzerland. Feb. 2007

K. Mller , K. Heimer , O. Andreyev , F. Schmitt, A. Scheybal, R. Bertschinger, C. Ziegler, S.
Lach, M. Aeschlimann, T. Jung

STM investigations of metallophtalocyanines grown on ferromagnetic Co(0001) thin films
SpinOS, Bologna, Italy, Sept. 2007

K. Miller , K. Heimer , O. Andreyev , F. Schmitt, A. Scheybal, R. Bertschinger, C. Ziegler, S.
Lach, M. Aeschlimann, T. Jung

STM investigations of metallophtalocyanines grown on ferromagnetic Co(0001) thin films
European conference on molecular elcectronics, ECME, Metz, France, Sept. 2007

K. Miiller , K. Heimer , O. Andreyev , F. Schmitt, A. Scheybal, R. Bertschinger, C. Ziegler, S.
Lach, M. Aeschlimann, T. Jung

STM investigations of metallophtalocyanines grown on ferromagnetic Co(0001) thin films
Scanning Probe Microscopies and Organic Materials, Hamburg, Germany, Sept. 2007

V. Olieric, E. Ennifar, A. Meents, M. Fleurant, C. Besnard, P. Pattison, M. Schiltz, C. Schulze-
Briese, P. Dumas

Monitoring the extent of anomalous scatterer radiolysis with X-ray absorption spectra

Workshop Spectroscopy around Biological Crystallography, ESRF Grenoble, France,
06.02.2007

V. Olieric, E. Ennifar, A. Meents, M. Fleurant, C. Besnard, P. Pattison, M. Schiltz, C. Schulze-
Briese, P. Dumas

Monitoring the extent of anomalous scatterer radiolysis with X-ray absorption spectra

9th International Conference on Biology and Synchrotron Radiation, Manchester, England,
13.03.2007

V. Olieric, E. Ennifar, A. Meents, M. Fleurant, C. Besnard, P. Pattison, M. Schiltz, C. Schulze-
Briese, P. Dumas

Monitoring the extent of anomalous scatterer radiolysis with X-ray absorption spectra
SGK/SSCr Annual meeting, Villigen, Switzerland, 12.09.2007

R. L. Owen, A. Meents, P. Bohler, D. Murgida, P. Hildebrandt, C. Schulze-Briese
In-situ Raman Spectroscopy at the SLS MX-beamline X10SA
International Conference on Biology and Synchrotron Radiation, Manchester, UK, 13-17.8.2007

C. Padeste, P. Farquet, H. H. Solak, S. A. Guersel, G. G. Scherer, A. Wokaun
Nanostructured (bio)-functional polymer brushes by EUV-radiation induced polymer grafting
MNEZ2007, Copenhagen, Denmark, 23.-26.9.2007

S.A. Pauli, P.R. Willmott, R. Herger, C.M. Schlepitz, D. Martoccia, B.D. Patterson, B.Delley, R.
Clarke, D. Kumah, C. Cionca, Y.Yacoby

Structural basis for the conducting interface between LaAlOs; and SrTiO3

Summer School on Strongly Correlated Electron Systems, Zuoz, Switzerland, August 2007

S.A. Pauli, P.R. Willmott, R. Herger, C.M. Schleplitz, D. Martoccia, B.D. Patterson, B. Delley, R.
Clarke, D. Kumah, C. Cionca, Y. Yacoby

Structural basis for the conducting interface between LaAlOzand SrTiO3

7t Autumn School on X-ray scattering, Smolenice, Slovakia, 4.-6.10.2007

B. Pfau, A. Menzel, S. Eisebitt, C.M. Glnther, T. Hauet, O. Hellwig, M. Albrecht, W. Eberhard
Towards Soft X-Ray Photon Correlation Spectroscopy of Critical Fluctuations
Coherence Workshop, Pacific Grove CA, USA, June 25-28, 2007

F. Pfeiffer, O. Bunk, P. Kraft, C. Brénnimann, M. Bech, C. Griinzweig, T. Donath, C. David
Toward Medical Applications of Hard X-ray Phase Contrast Imaging
Annual Meeting of the Swiss Physical Society (SPS), Zurich, Switzerland, Feb. 20-21 2007

F. Pfeiffer, O. Bunk, C. Kottler, C. Griinzweig, C. David, M. Bech, G. Le Duc, A. Bravin, P.
Cloetens

Advances in X-ray Phase Tomography using a Grating Interferometer

Int. Conference on X-ray Coherence, Pacific Grove CA, USA, June 25-28, 2007
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F. Pfeiffer, C. Griinzweig, O. Bunk, G. Frei, E. Lehmann, C. David
Neutron Phase Imaging and Tomography using a Grating Interferometer
Int. Conference on X-ray Coherence, Pacific Grove CA, USA, June 25-28, 2007

F. Pfeiffer, O. Bunk, E. F. Eikenberry, Ch. Brénnimann, C. Grinzweig, C. Kottler, M. Bech, C.
David

Using Coherence Degradation for Hard X-ray Dark-field Imaging

Int. Conference on X-ray Coherence, Pacific Grove CA, USA, June 25-28, 2007

A. Piazzalunga, G. Ghiringhelli, C. Dallera, C. Farioli, A. Moroni, G. Trezzi, L. Braicovich, T.
Schmitt, V. N. Strocov, R. Betemps, J. Krempasky, M. Kropf, K. Hochli, W. Meier, L. Patthey, X.
Wang, and M. Grioni

SAXES: A new high resolution spectrometer for soft X-rays

15" International Conference on Vacuum Ultraviolet Radiation Physics, Berlin, Germany, 29.7.-
3.8.2007

J. Raabe, R. Fink, G. Tzvetkov, U. Flechsig, M. Boege, T. Huthwelker, C. Quitmann

PolLux: a soft X-Ray Spectromicroscope at the SLS

15th International Conference on Vacuum Ultraviolet Radiation Physics, Berlin, Germany, 29.7.-
3.8.2007

P. Ramm, I. Radu, A. Weber, Ch. Back, Ch. Stamm, T. Kachel, N. Pontius, H. Duerr, J. Raabe,
Ch. Quitmann, L. Joly, J.-U. Thiele

Static Characterization of the Antiferromagnetic-To-Ferromagnetic Phase Transition of FeRh
Thin Films

German Physical Society, Spring Meeting 2007, Regenburg, Germany, 26.-30.3.2007

S. Reemers, C. Padeste, H. Keul, M. Moller
From dendritic molecules to micro- and nanostructured surfaces
European Polymer Conference EPF2007, Portoroz, Slowenia, 1.-6.7. 2007

S. Russo, J. E. Debreczeni, A. Amos, A. N. Bullock, F. von Delft, E. Meggers, S. Knapp, E. Pohl
Crystal Structure of the Human Kinase Pim-2 bound to a Ru-organometallic inhibitor

SLS users’ meeting and annual meeting of the Swiss Society for Crystallography, PSI, Villigen,
Switzerland, 11.-13.9.2007

Y. Sassa, A. Bendounan, S. Pailhes, L. Patthey, J. Mesot

Pulsed Laser Deposition of thin superconducting films for ARPES measurements

2007 Swiss Workshop on Materials with Novel Electronic Properties, Les Diablerets,
Switzerland, 28.9.-30.9.2007

D.K. Satapathy, O. Bunk, K. Jefimovs, E. Fuchsberger, A. Diaz, M. Dierolf, F. Pfeiffer, C. David,
J.F. van der Veen, H. Guo, G.H. Wegdam

Structure of a model liquid confined between two solid surfaces having submicrometer
separation

SAOG Meeting, Fribourg, Switzerland, 26.01.2007

D. K. Satapathy, O. Bunk, A. Diaz , K. Jefimovs, E. Fuchsberger, M. Dierolf, F. Pfeiffer, C.
David, H. Guo, G. H. Wegdam, J. F. van der Veen

Iterative 1D phase retrieval for studying the structure of confined fluids

Coherence 2007, International Workshop on Phase Retrieval and Coherent Scattering,
Asilomar, USA, 25.-28.06.2007

D. K. Satapathy, O. Bunk, K. Jefimovs, E. Fuchsberger, A. Diaz, F. Pfeiffer, C. David, H. Guo,
G. H. Wegdam, J. F. van der Veen

Layering transitions of charged colloidal fluid in confinement

8th SLS Users’ Meeting, PSI, Villigen, Switzerland, 10.—13.09.2007

T. Samuely, M. Stéhr, T.A. Jung, M. Haas, S.-X. Liu, S. Decurtins
Self-assembled complexes of a phthalocyanine derivative and C60 on metal surfaces
Swiss physical Society, SPS 2007, Zurich, Switzerland. Feb. 2007

M. Scheinert, V. Botan, H. Sigg, S. Tsujino, P. Hamm, J. Faist

Si-based mid-infrared quantum cascade laser structures on SiGe virtual substrate

Intern. Conf. on Intersubband transitions in QW (ITQW 2007), English Lake district, UK, 9-14,
Sept. 2007
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H. Schift, S. Bellini, M.B. Mikkelsen, J. Gobrecht
Dynamics in thermal nanoimprint — mound and air bubble formation
EIPBN conference, Denver, CO, USA, 29.5.-1.6.2007

H. Schift, S. Bellini, M.B. Mikkelsen, J. Gobrecht
Evolution of mound and air bubble formation in thermal nanoimprint
MNE2007, Copenhagen, Denmark, 23.-26.9.2007

H. Schift, S. Bellini, N. Schmid, K. Vogelsang
Influence of stamp design on the demolding of microstructures
NNT2007, Paris, France, 11.-12.10.2007

J. Schlappa, T. Schmitt, V. N. Strocov, X. Wang, A. Piazzalunga, A. Bendounan, B. Thielemann,
H. M. Ronnow, J. Mesot, L. Patthey

Resonant inelastic soft x-ray scattering on the spin-ladder/spin-chain cuprate system
Sr14Cu2404

6™ PSI Summer School, Zuoz, Switzerland, 18.-25.8.2007

J. Schlappa, T. Schmitt, V. N. Strocov, X. Wang, A. Piazzalunga, A. Bendounan, B. Thielemann,
H. M. Ronnow, J. Mesot, L. Patthey

Resonant inelastic soft x-ray scattering on the spin-ladder/spin-chain cuprate system
Sr14CuU24044

International symposium on dynamical properties of solids DyProSo XXXI, Porto, Portugal, 25.-
28.9.2007

C.M. Schlepiitz, P.R. Willmott,R. Herger, S.A. Pauli, D. Martoccia, B.D. Patterson
Measuring the Surface Structure of YBa,Cu307.s Thin Films on NdGaO;
6th PSI Summer School on Condensed Matter Research, Zuoz, Switzerland, 18.-25.08.2007

C.M. Schlepiitz, R. Herger, D. Martoccia, S.A. Pauli, P.R. Willmott
Surface Structures with sub-Angstrom Resolution: The Fourier Approach
7t Autumn School on X-ray scattering, Smolenice, Slovakia, 4.-6.10.2007

T. Schmitt, L.-C. Duda, V. N. Strocov, M. Magnuson, J. Forsberg, A. Olsson, J. Nordgren, K.
Okada, A. Kotani

Studies of Many-Body Excitations in MnO and CoO by Resonant Inelastic X-Ray Scattering at
the O1s Resonance

15" International Conference on Vacuum Ultraviolet Radiation Physics, Berlin, Germany, 29.7.-
3.8.2007

T. Schmitt, L.-C. Duda, M. Mattesini, M. Klemm, A. Augustsson, C.L. Dong, J.-H. Guo, V. Eyert,
S. Horn, R. Ahuja, J. Nordgren

Temperature dependent resonant soft X-ray emission study of the metal-insulator transition in
VO,

15" International Conference on Vacuum Ultraviolet Radiation Physics, Berlin, Germany, 29.7 .-
3.8.2007

T. Schmitt, V.N. Strocov, T. Schmidt, U. Flechsig, G. Ghiringhelli, C. Dallera, A. Piazzalunga, X.
Wang, J. Raabe, A. Imhof, B. Jakob, C. Vollenweider, V. Schénherr, Q. Chen, R. Betemps, J.
Krempasky, J. Mesot, L. Braicovich, M. Grioni, L. Patthey

First Resonant Inelastic X-Ray Scattering Results Obtained with the SAXES Experimental
Station at the ADRESS Beamline at the Swiss Light Source

2007 Swiss Workshop on Materials with Novel Electronic Properties, Les Diablerets,
Switzerland, 28.9.-30.9.2007

V. Sirotkin, A. Svintsov, S. Zaitsev, H. Schift
Coarse-grain simulation of viscous flow and stamp deformation in nanoimprint
EIPBN conference, Denver, CO, USA, 29.05.-01.06.2007

M. Stampanoni, F. Marone, C. Hintermdiller, R. Abela
Tomographic bioimaging at the Swiss Light Source
Swiss Physical Society, Annual Meeting, Zurich, Switzerland, Febr. 20 - 21, 2007

M. Stampanoni, A. Gro3o, F. Marone, F. Pfeiffer, C. David, R. Abela
Phase contrast imaging at TOMCAT
Swiss Physical Society, Annual Meeting, Zurich, Switzerland, Febr. 20 - 21, 2007
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M. Stampanoni, F. Marone, C. Hintermiuller, G. Mikuljan, A. Isenegger, R. Abela

TOMCAT: a new beamline for Tomographic Microscopy and Coherent Radiology experiments
at the Swiss Light Source

Swiss Physical Society, Annual Meeting, Zurich, Switzerland, Febr. 20 - 21, 2007

U. Staub, Y. Bodenthin, M. Garcia-Fernandez, M. Janoschek, J. Schlappa, E. |I. Golovenchits,
V. A. Sanina, S. G. Lushnikov

Exciting magnetic moments by an electric field in multiferroics

Orbital 2007, MPI Stuttgart, Germany, 9-11.10.2007

V. N. Strocov, T. Schmitt, T. Schmidt, U. Flechsig, Q. Chen, J. Krempasky, R. Betemps, M.
Kropf, Ch. Hess, R. Widmer, A. Jaggi, J. Raabe, A. Imhof, B. Jakob, Ch. Vollenweider, V.
Schonherr, F. Dubi, G. Ghiringhelli, C. Dallera, A. Piazzalunga, L. Braicovich, X. Wang, M.
Grioni, L. Patthey

ADRESS beamline at Swiss Light Source: Electron Correlations by Soft X-Ray RIXS and
ARPES

15" International Conference on Vacuum Ultraviolet Radiation Physics, Berlin, Germany, 29.7.-
3.8.2007

V.N. Strocov, Schmitt, L. Patthey, J. Raabe, T. Schmidt, U. Flechsig, A. Imhof, B. Jakob, C.
Vollenweider, V. Schénherr, Q. Chen, N. Riccardi, R. Betemps, J. Krempaski, M. Kropf, C.
Hess, R. Widmer, A. Jaggi, Dallera, G. Ghiringhelli, A. Piazzalunga, L. Braicovich, X. Wang, M.
Grioni

ADRESS Beamline Swiss Light Source: Electron Correlations by Soft-X-Ray RIXS and ARPES
SPS Annual Meeting 2007, Zuerich, 20-21.02.2007

V.N. Strocov, T. Schmitt, L. Patthey, J. Raabe, T. Schmidt, U. Flechsig, A. Imhof, B. Jakob, C.
Vollenweider, V. Schonherr, Q. Chen, N. Riccardi, R. Betemps, J. Krempaski, M. Kropf, C.
Hess, R. Widmer, A. Jaggil, Dallera, G. Ghiringhelli, A. Piazzalunga, L. Braicovich, X. Wang, M.
Grioni

ADRESS Beamline Swiss Light Source: Electron Correlations by Soft-X-Ray RIXS and ARPES
SLS User Meeting 2007, Villigen-PSI, Villigen, Switzerland, 11-12.09.2007

P. Thibault, M. Dierolf, A. Menzel, O. Bunk, I. Johnson, X. Donath, K. Jefimovs, C. David, O.
Marti, F. Pfeiffer

Super Resolution Scanning Transmission X-Ray Microscopy using Phase Retrieval Algorithms
,8th SLS users’ meeting, Paul Scherrer Institut, Villigen, Switzerland, 11.09.2007

V. Trabadelo, H. Schift, S. Merino, S. Bellini, J. Gobrecht
Measurement of demolding forces in full wafer thermal nanoimprint
MNEZ2007, Copenhagen, Denmark, 23.-26.9.2007

V. Trabadelo, H. Schift, S. Merino, K. Vogelsang
Online measurement of demolding forces: from peeling to parallel detachment
NNT2007, Paris, France, 11.-12.10.2007

S. Tsujino, E. Kirk, H. Sehr, T. Vogel, J. Gobrecht, R. Ganter, F. Le Pimpec, M. Dehler, J.
Raabe, M. Buess, A. Wrulich

Characterization of metallic field-emitter arrays for x-ray free electron laser applications, the 20"
International Vacuum Nanoelectronics Conference, Chicago, USA, 8.-12.7.2007

G. Tzvetkov, J. Raabe, R. Fink, Ch. Quitmann
Soft X-ray Spectromicroscopy at the Swiss Light Source
German Physical Society, Spring Meeting 2007, Regenburg, Germany, 26.-30.3.2007

J. Vila-Comamala, K. Jefimovs, J. Raabe, B. Kaulich, C. David
Nanofabrication of silicon DOEs for x-ray radiation
EOS Topical Meeting on Diffractive Optics 2007, Barcelona, Spain, 21-23.11.2007

J. Vila-Comamala, K. Jefimovs, J. Raabe, B. Kaulich, C. David

Silicon Fresnel zone plate lenses for soft x-ray applications

1st Workshop on X-ray Micro- and Nanoprobes: Instruments, Methodologies and Applications,
Erice, Italy, 14-17.06.2007
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M. Wang, R. Schneider, C. Pradervand, M. Roccamante, W. Glettig, T. Tomizaki, E. Panepucci,
A. Isenegger, H. Kalt, H. Baechli, Q. Chen, C. Schulze-Briese

XO06DA: A Production Beamline for Protein Crystallography at SLS

2007 American Crystallographic Association Annual Meeting, Salt Lake City, USA, 21-
26.7.2007

F.A. Zoller, C. Padeste, Y. Ekinci, H. H. Solak, A. Engel
Nanostructured substrates for high density protein arrays
MNE2007, Copenhagen, Denmark, 23.-26.9.2007

WORKSHOPS

S. Gutmann
SAD phasing at longer wavelengths
MPG PX2 Workshop, Paul Scherrer Institut, Villigen, Switzerland, 13.3.2007

L. Patthey, T. Schmitt
Workshop on Ultra High Resolution Resonant Inelastic X-Ray Scattering with Soft X-Rays
Paul Scherrer Institut, Villigen, Switzerland, 12.9.2007

M. Stampanoni
8" SLS User’s Meeting, Tomographic Microscopy in Biology, Materials and Earth Science
Organizer and Chair, Paul Scherrer Institut, Villigen, Switzerland

P.R. Willmott
Workshop on Phase Retrieval Methods
Paul Scherrer Institut, Villigen, Switzerland, 12.09.2007

PUBLIC RELATIONS

M Agio, G. Mori, F. Kaminski, L. Rogobete, S. Kihn, V. Callegari, P. M. Nellen, F. Robin, Y.
Ekinci, U. Sennhauser, H. Jackel, H. H. Solak, V. Sandoghdar

- Engineering gold nanoantennae to enhance the emission of quantum emitters, Invited
paper Proceedings of the SPIE — The International Society for Optical Engineering. 6717
(2007) 67170R-1

C. David
- X-Ray Phase Contrast Imaging, Oral Presentation for the European Union of Science
Journalists' Assiciation, Pauls Scherrer Institut, Villigen, Switzerland, 22.06.2007

- Doorlichten met diffractie - Rontgentechniek brengt ook zachte weefsels in beeld, Article by
A. Schrauwers in the dutch journal "De Ingenieur" issue No. 17, November 2007, p. 54
Y. Ekinci, H. H. Solak, C. David, J. F. Loffler

- Plasmonic nanostructures made from aluminum fabricated by EUV interference
lithography, Invited paper Proceedings of the SPIE — The International Society for Optical
Engineering. 6717 (2007) 67170P-1
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J. Gobrecht

- Presentation of INKA at "Marktplatz der Institute" at the Univ. of Appl. Sciences
Nordwestschweiz, 14.11.2007

- Presentation of INKA to international science journalists, Windisch, 21.6.2007
- Presenting INKA as exhibitor at the Nano-Europe, St. Gallen, Switzerland, 11.—13.9.2007

- Presenting INKA as co-exhibitor at the “K2007” trade fair, Dusseldorf, Germany, 24.—
31.10.2007

- Radio interview with “Deutsche Welle” on nanotechnology in food packaging, 28.3.2007

L.J. Heyderman, F. Nolting
— Carpet of Magnetic Colours, Europhysics News 38(2) (2007) 23

T.A. Jung

Press releases regarding Angew. Chem. Int. Ed. 46 (2007) 4089

— ,Nano-Schalter aus Molekllen” in ETH Life, 25. 05. 2007

- ,Swiss Nanoscience Institute - Millionen Schalter im Netzwerk",in Informations-dienst
Wissenschaft, 25. 05. 2007

- ,Swiss Nanoscience Institute - Millionen Schalter im Netzwerk“,in Hochrhein-Zeitung, 25.
05. 2007

— ,Swiss Nanoscience Institute - Millionen Schalter im Netzwerk", in Materials Gate, 29. 05.
2007

— ,Swiss Nanoscience Institute - Millionen Schalter im Netzwerk", in Pro-Physik.de, 29. 05.
2007

— ,Teamwork bei Nano-Schaltern - Neue Datenspeicher durch Selbstorganisation von
Molekilen” in Scinexx, 06. 06. 2007

— ,Ein Nanoschalter aus Molekiilen®, in NZZ and NZZ Online, 06. 06. 2007

— ,Millionen Schalter im Netzwerk", in Chemie Plus page 8, issue 7-8/2007

— ,Aus Molekuel wird Nanoschalter, in Horizonte’, Magazin des Schweizerischen
Nationalfonds

Press release regarding Chem. Comm. (2007) 1349: “Mechanik mit Molekulen: nanoskalige,

einzeln adressierbare Rotoren auf Oberflachen* Universitaet Heidelberg, 19. Marz 2007 picked

up in:

.Molekile als Nanohubschrauber “in Scinexx, 20. 03. 2007

.Mechanik mit Molekilen: nanoskalige, einzeln adressierbare Rotoren auf Oberflachen® in

Materialsgate, 20. 03. 2007

—  ,Mechanik mit Molekilen: Nanoskalige, einzeln adressierbare Rotoren auf Oberflachen® in
Innovations Report, 19. 03. 2007

— Einzeln adressierbare Rotoren auf Oberflachen*
in Chemie Plus page 6, issue 5/2007

—  Mechanik mit Molekilen: Nanoskalige, einzeln adressierbare Rotoren auf Oberflachen
March 3rd, 2007, CHEMIE.DE Information Service http://www.chemie.de/news/d/62934/

Press releases to the publication in Angew. Chem. Int. Ed. 44 (2005) 7394:
- ,Einzelhaft fir Molekule - Grundlagen fir Kleinstreaktoren“in Chemie Plus page 21, issue
1-2/2006



48

H. Solak

- Interview broadcast on DRS radio on data storage on patterned magnetic media.
30.11.2007

- Artifical 3-D Quantum Dot Crystal Created, Article in Photonics Spectra magazine by
Michael A. Greenwood, 1.12.2007

M. Stampanoni

- SF/3sat: TV-Doku: Reise in den é&ltesten Embryo, Feb. 20 2007

- Corriere del Ticino, | misteriosi embrioni del Cambriano, Jun. 18, 2007

- Radio della Svizzera Italiana: “Il Santo Graal della botanica...piu’ vicino grazie alla
tomografia a raggi X? ”, Radio Interview, Nov. 22, 2007

DISSERTATIONS
T. A. Jung

- Tailoring Supramolecular Assemblies on a Metal Surface by Specifically Functionalized
Porphyrins STM investigations of metallophtalocyanines grown on ferromagnetic Co(0001)
thin films Scanning Probe Microscopies and Organic Materials
N. Wintjes, University of Basel, Switzerland, (2007)

Tn

. Nolting, L.J. Heyderman

Ferromagnetic and antiferromagnetic domain configurations in thin films and multilayers —
towards a patterned exchange bias system
S. Czekaj, ETH Zurich, Switzerland, (2007)

I

. Sigg, S. Tsujino

Optical Pumping: A Possible Approach towards a SiGe Quantum Cascade Laser?
M. Scheinert, University of Neuchatel, Switzerland, (2007)

P.R. Willmott

—  Surface and Interface Structure and Thin Film Growth of Perovskites
R. Herger, Physik Institut, Universitat Zurich, Switzerland, (2007)

AWARDS

C. Bronnimann, R. Horisberger, E. Eikenberry, The PILATUS Detector, Innovation Award on
Synchrotron Radiation, Verein der Freunde und Férderer BESSYSs, Berlin, Germany, 1.12.2007

M. Garcia-Fernandez, U. Staub, Y. Bodenthin, S. M. Lawrence, A. M. Mulders, C. E. Buckley, S.
Weyeneth, E. Pomjakushina, K. Conder, Orbital and Magnetic ordering in RBaMn,0Og4 studied by
soft x-ray resonant powder diffraction, Best Poster Award, 8th SLS Users Meeting 2007,
Villigen, Switzerland, 10.9.2007

S.A. Pauli, Diplomarbeit: The Atomic and Electronic Structure of the Interface of Thin LaAlIO3
Films on SrTiO3. Auszeichnung und Preis aus dem Legat der Mathematisch-
Naturwissenschaftlichen Fakultat der Universitat Zirich zur Pramierung hervorragender
wissenschaftlicher Arbeiten, October 2007

D. Backes, C. Schieback, L.J.Heyderman, C.David, M. Klaui, F.Junginger, H. Ehrke,
P. Nielaba, U. Rudiger, C.A.F.Vaz, J.A.C.Bland, C.S.Chen, T.Kasama, R.E.Dunin-
Borkowski, Geometrically Confined Domain Walls and the Interaction with Currents Observed
by TEM, Best Poster Award, WUN-SPINQ7, York, UK, 08.2007

E. Mengotti, L.J. Heyderman, A. Fraile-Rodriguez, F. Nolting, B. Braun, N. Saratz, Frustration in
dipolar coupled nanoscale ferromagnetic arrays, SLS poster prize, SLS user meeting, PSI-SLS
Switzerland, 11.9.2007
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T.A. Moore, L. Heyne, P.Mohrke, D.Backes, S.Krzyk, J.G. Kimling, M. Klaui, U. Rudiger,
L.J. Heyderman, A. Fraile Rodriguez, F. Nolting, C.A.F.Vaz, J.A.C.Bland, T.0. Mentes,
M.A. Nino, A. Locatelli, K. Kirsch, R. Mattheis, Current-induced domain wall motion and domain
wall transformations and resulting implications for the non-adiabaticity, Best Poster, MMM
Tampa, USA, 5-9.11.2007

E. Ruh, Investigation of the local Ge concentration in Si /SiGe multi quantum well structure by
CBED analysis and FEM calculations, Best Student Paper, MSM XV, Cambridge, UK 2.-
5.04.2007

J. Schlappa, Investigation of electronic order using resonant soft x-ray diffraction, Ernst-
Eckhard-Koch-Preis 2007 for the extraordinary PhD work, Verein der Freunde und Foerderer
BESSYs, Berlin, Germany, 6.12.2007

MEMBERSHIPS IN EXTERNAL COMMITTEES

R. Abela

- Chairman of the ESRF Scientific Advisory Committee

- Member of the Diamond Scientific Advisory Committee

- Chairman of the Swiss-Norwegian Foundation for Research with X-Rays
- Member of the STFC In-House Reviews: SRS Review

- Chairman of the ALBA Scientific Advisory Committee

- Member of the PSI-FEL/LEG Advisory Committee

C. David

- Member of the International Program Committee of the Micro- and Nano-Engineering
Conference 2007

- Member of the International Consortium for Coherent X-ray Diffractive Imaging (ICCDXI)

- Member of the Scientific Advisory Board of the Courant Research Centre "Nano-
Spectroscopy and X-ray Imaging", University of Gottingen, Germany

- Member of the Editorial Board of the Journal of X-ray Optics and Instrumentation

- Member of the International Program Committee of the X-Ray Microscopy Conference
Series

- Member of the International Advisory Committee of the Photon Conference Series
U. Flechsig

- Design Review Committee for the COSMIC and MAESTRO beamlines at the Advanced
Light Source, Berkeley, USA, May 1st 2007

J. Gobrecht
- Vice Director Technology of the Swiss Nanoscience Institute at the University of Basel

- Chair of “KoF-07 Review Panel” for the evaluation of the engineering faculty of Uppsala
University, Sweden

- External expert for PhD thesis of G. Lamprecht, “Identification and sorting of diamond in
ore using pulsed laser Raman spectroscopy”, Tshwane Univ. of Technology, Pretoria,
South Africa

- Member of the management team of the Matlife ERU, CCMX Program of the ETH domain
- Member of the Scientific Advisory Board, HeiQ Materials AG, Bad Zurzach, Switzerland

- Member of the advisory board of the “Nano-Convention”, Bern, Switzerland, June 28/29,
2007

- Member of the advisory board of the Nano-Europe Conference, St. Gallen, Switzerland,
Sept. 11 — 13, 2007

- Member of the board of directors, Eulitha AG, 5232 Villigen PSI
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L.J. Heyderman

- International Program Committee, Micro- and Nano-Engineering Conference MNE2007
- Steering Committee 52nd Magnetism and Magnetic Materials Conference MMM2007

- Intermag 2008 Program Committee

- Member of the Technical Committee of the IEEE Magnetics Society

T.A. Jung

- Scientific Committee for Newly Identified and Emerging Health Risks, (SCENIHR) Health
and Consumer Protection Directorate Gener Scientific Commitee advising the European
Commission

- Praktischer Umweltschutz and at the Werkstatt fuer Ernaehrung und Gentechnologie

- Membership in Working group (Think Tank) of the Swiss Academies of Arts and Sciences,
Zukunft Bildung Schweiz

F. Nolting
- Member of the Proposal Review Committee of Soleil, (France)
- External expert for the Proposal Review Committee of the Canadian Light Source

- Scientific Committee of the 5th International School on Synchrotron Radiation and
Magnetism, Mittelwihr (France)

F. Pfeiffer

- Euro-XFEL Detector Committee
- Workgroup BL-13 DIAMOND
C. Quitmann

- Member of the Editorial Board — Journal of Physics: Condensed Matter (Surfaces and
Interfaces)

- Member of the advisory committee for the BLADE (110) and Nanoscience (16) beamlines at
DIAMOND

- Member of the Programm Committee E-MRS Symposium: Materials Research SR & XFEL,
Warzawa, Poland, 17.-20.9.2007

H. Schift

- AVS American Vacuum Society, NSTD Nanometer-scale Science and Technology
Division, elected board and executive committee member

C. Schulze-Briese

- ESRF Methods and Instrumentation Proposal Review Committee

- ESRF MX-beamline review panel

- Australian Synchrotron PX-beamline advisory panel

H. Sigg

- Advisory Committee, International Conference on Intersubband transition in quantum wells
M. Stampanoni

- Member of Workgroup “Mikrotomographie a SOLEIL”"
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J. Friso van der Veen
- Science Advisory Committee of Elettra, Trieste

- Scientific Committee for Inorganic and Analytical Chemistry, Science Foundation, Flanders,
Belgium

- Chairman of Programme Committee of PSI Summer School on Condensed Matter
Research, Zuoz, Switzerland

- Scientific Advisory Committee of HERCULES, Grenoble, France
- Chairman of Science Advisory Committee of the Advanced Light Source, Berkeley, USA

- International Advisory Committee of the International Conference Series on Synchrotron
Radiation Instrumentation.

- Science Advisory Committee of Synchrotron SOLEIL, Gif-sur-Yvette, France.

- Advisory Committee of the International Conference Series on Surface X-Ray and Neutron
Scattering.

- Steering Committee CCMX, Competence Centre for Materials Science and Technology,
ETH, Switzerland

- Steering Committee NCCBI, National Competence Center in Biomedical Imagine, ETH,
Switzerland

- Chairman of Panel reviewing the DORIS-III facility, DESY, Hamburg, Germany

- Science Advisory Committee for the Van der Waals-Zeeman Instituut, University of
Amsterdam, The Netherlands

- Chairman of ad-hoc panel reviewing data processing at Synchrotron SOLEIL, Gif-sur-
Yvette, France

- Expert at UK Light Source Review held by STFC, London, July, 2007

- Evaluation Group reviewing the Institutional Strategy of the University of Goettingen within
the framework of the Excellence Initiative, Wissenschaftsrat, Goettingen, Germany, June
2007

- Programme Committee of the International Workshop on Phase Retrieval and Coherent
Scattering (‘Coherence 2007’), Asilomar, USA, June 2007

- Advisory Board ‘Structure of Matter’, Forschungszentrum Karlsruhe, Germany

PATENTS

J. Baumann, C. David, M. Engelhardt, J. Freudenberger, E. Hempel, M. Hoheisel, T.
Mertelmeier, F. Pfeiffer, S. Popescu, M. Schuster

Focus-detector arrangement of an X-ray apparatus for generating projective or tomographic
phase contrast recordings

Patent # US2007070006020070131

J. Baumann, C. David, M. Engelhardt, J. Freudenberger, E. Hempel, M. Hoheisel, T.
Mertelmeier, F. Pfeiffer, S. Popescu, M. Schuster

Focus-detector arrangement for generating projective or tomographic phase contrast recordings
with X-ray optical gratings

Patent # US2007070015420070131

J. Baumann, C. David, M. Engelhardt, J. Freudenberger, E. Hempel, M. Hoheisel, T.
Mertelmeier, F. Pfeiffer, S. Popescu, M. Schuster

Focus-detector arrangement of an X-ray apparatus for generating projective or tomographic
phase contrast recordings

Patent # US2007070017220070131
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J. Baumann, C. David, M. Engelhardt, J. Freudenberger, E. Hempel, M. Hoheisel, T.
Mertelmeier, F. Pfeiffer, S. Popescu, M. Schuster

X-ray optical transmission grating of a focus-detector arrangement of an X-ray apparatus for
generating projective or tomographic phase contrast recordings of a subject

Patent # US2007070013920070131

C. David, F. Pfeiffer, T. Weitkamp

Interferometer for quantitative phase contrast imaging and tomography with an incoherent
polychromatic x-ray source

Patent # WO2006EP0511920060530

C. David, F. Pfeiffer

A method for radiographic and tomographic imaging based on the absorption, phase shift, and
scattering of x-rays

Patent # WO2007EP06014449

M. Hengsberger, M. Muntwiler, J. Lobo, T. Greber

Source for Spin polarized electrons

International publication number: WO 2007/006168 Al. International publication date: 18 Jan.
2007. International application Number: PCT/CH2006/000367. International filing date: 13" of
July 2006. Published under the Patent Cooperation treaty

F. Pfeiffer, C. David, J. Baumann, M. Engelhardt, J. Freudenberger, E. Hempel, M. Hoheisel, T.
Mertelmeier, S. Popescu, M. Schuster
Focus Detector Arrangement for Generating Phase-Contrast X-Ray Images and Method for this
Patent # WO2006EP6935520061206

S. Popescu, B. Heismann, E. Hempel, C. David, F. Pfeiffer
Focus/detector system of an x-ray apparatus for generating phase contrast recordings
Patent # US2007070014020070131

B. Schmitt

Readout chip for use in photon counting imaging device, has multiplexer that multiplexes output
data with a selected bit of data output shift register

EP1788629-A1; WO2007057213-A1


http://apps.isiknowledge.com/DIIDW/CIW.cgi?SID=W1dOjbPBHEoNh39BbII&Func=Abstract&doc=1/9
http://apps.isiknowledge.com/DIIDW/CIW.cgi?SID=W1dOjbPBHEoNh39BbII&Func=Abstract&doc=1/9
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Muons

LIST OF PUBLICATIONS (PEER REVIEWED)

Andreasson BP, Janousch M, Staub U, Meijer GI, Delley B

Resistive switching in Cr-doped SrTiO3: An X-ray absorption spectroscopy study
MATERIALS SCIENCE AND ENGINEERING B-SOLID STATE MATERIALS FOR
ADVANCED TECHNOLOGY 144, 60 (2007)

Behler J, Delley B, Reuter K, Scheffler M
Nonadiabatic potential-energy surfaces by constrained density-functional theory
PHYSICAL REVIEW B 75, 115409 (2007)

Cano-Cortes L, Dolfen A, Merino J, Behler J, Delley B, Reuter K, Koch E

Spectral broadening due to long-range Coulomb interactions in the molecular metal TTF-
TCNQ

EUROPEAN PHYSICAL JOURNAL B 56, 173 (2007)

Castelnovo C, Chamon C, Mudry C, Pujol P
Zero-temperature Kosterlitz-Thouless transition in a two-dimensional quantum system
ANNALS OF PHYSICS 322, 903 (2007)

Chang J, Pailhes S, Shi M, Mansson M, Claesson T, Tjernberg O, Voigt J, Perez V, Patthey
L, Momono N, Oda M, Ido M, Schnyder A, Mudry C, Mesot J

When low- and high-energy electronic responses meet in cuprate superconductors
PHYSICAL REVIEW B 75, 224508 (2007)

Chang J, Schnyder AP, Gilardi R, Ronnow HM, Pailhes S, Christensen NB, Niedermayer C,
McMorrow DF, Hiess A, Stunault A, Enderle M, Lake B, Sobolev O, Momono N, Oda M, Ido
M, Mudry C, Mesot J

Magnetic-field-induced spin excitations and renormalized spin gap of the underdoped
La1.895Sr0.105Cu04 superconductor

PHYSICAL REVIEW LETTERS 98, 077004 (2007)

Cui XY, Delley B, Freeman AJ, Stampfl C
Neutral and charged embedded clusters of Mn in doped GaN from first principles
PHYSICAL REVIEW B 76, 045201 (2007)

Cui XY, Fernandez-Hevia D, Delley B, Freeman AJ, Stampfl C

Embedded clustering in Cr-doped AIN: Evidence for general behavior in dilute magnetic IlI-
nitride semiconductors

JOURNAL OF APPLIED PHYSICS 101, 103917 (2007)

Cui XY, Medvedeva JE, Delley B, Freeman AJ, Stampfl C
Spatial distribution and magnetism in poly-Cr-doped GaN from first principles
PHYSICAL REVIEW B 75, 155205 (2007)

Delley B, Grimmer H
Density-functional calculations of Esterel twinning in quartz
PHYSICAL REVIEW B 76, 224106 (2007)

Hellmann W, Hennig RG, Goedecker S, Umrigar CJ, Delley B, Lenosky T

Questioning the existence of a unique ground-state structure for Si clusters
PHYSICAL REVIEW B 75, 085411 (2007)
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Hellmann W, Hennig RG, Goedecker S, Umrigar CJ, Delley B, Lenosky T

Questioning the existence of a unique ground-state structure for Si clusters (vol 75, art no
085411, 2007)

PHYSICAL REVIEW B 76, 159903 (2007)

Herger R, Willmott PR, Bunk O, Schlepuetz C, Patterson BD, Delley B, Shneerson V, Lyman
P, Saldin D

Surface structure of SrTiO3(001)

PHYSICAL REVIEW B 76, 195435 (2007)

Herger R, Willmott PR, Bunk O, Schlepuetz CM, Patterson BD, Delley B
Surface of strontium titanate
PHYSICAL REVIEW LETTERS 98, 076102 (2007)

Hou CY, Chamon C, Mudry C
Electron fractionalization in two-dimensional graphenelike structures
PHYSICAL REVIEW LETTERS 98, 186809 (2007)

Janousch M, Meijer GI, Staub U, Delley B, Karg SF, Andreasson BP
Role of oxygen vacancies in Cr-doped SrTiO3 for resistance-change memory
ADVANCED MATERIALS 19, 2232 (2007)

Obuse H, Furusaki A, Ryu S, Mudry C
Two-dimensional spin-filtered chiral network model for the Z(2) quantum spin-Hall effect
PHYSICAL REVIEW B 76, 075301 (2007)

Parisse P, Ottaviano L, Delley B, Picozzi S
First-principles approach to the electronic structure in the pentacene thin film polymorph
JOURNAL OF PHYSICS-CONDENSED MATTER 19, 106209 (2007)

Ryu S, Furusaki A, Ludwig AWW, Mudry C

Conductance fluctuations in disordered superconductors with broken time-reversal symmetry
near two dimensions

NUCLEAR PHYSICS B 780, 105 (2007)

Ryu S, Mudry C, Furusaki A, Ludwig AWW

Landauer conductance and twisted boundary conditions for Dirac fermions in two space
dimensions

PHYSICAL REVIEW B 75, 205344 (2007)

Ryu S, Mudry C, Obuse H, Furusaki A

Z(2) topological term, the global anomaly, and the two-dimensional symplectic symmetry
class of anderson localization

PHYSICAL REVIEW LETTERS 99, 116601 (2007)

Schaniel D, Cormary B, Malfant |, Valade L, Woike T, Delley B, Kramer KW, Gudel HU
Photogeneration of two metastable NO linkage isomers with high populations of up to 76% in
trans-[RuCl(py)(4)(NO)][PF6](2) center dot 1/2H(2)O

PHYSICAL CHEMISTRY CHEMICAL PHYSICS 9, 3717 (2007)

Schaniel D, Woike T, Delley B, Biner D, Kramer KW, Gudel HU

Generation of one light-induced metastable nitrosyl linkage isomer in [Pt(NH3)(4)CI(NO)]CI-2
in the red spectral range

PHYSICAL CHEMISTRY CHEMICAL PHYSICS 9, 5149 (2007)

Schnyder AP, Mudry C, Manske D

Screening in (d+s)-wave superconductors: Application to Raman scattering
PHYSICAL REVIEW B 75, 174525 (2007)
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Soon A, Todorova M, Delley B, Stampfl C

Thermodynamic stability and structure of copper oxide surfaces: A first-principles
investigation

PHYSICAL REVIEW B 75, 125420 (2007)

Soon A, Todorova M, Delley B, Stampfl C

Thermodynamic stability and structure of copper oxide surfaces: A first-principles
investigation (vol 75, pg 125420, 2007)

PHYSICAL REVIEW B 76, 129902 (2007)

Soon A, Wong L, Lee M, Todorova M, Delley B, Stampfl C
Nitrogen adsorption and thin surface nitrides on Cu(111) from first-principles
SURFACE SCIENCE 601, 4775 (2007)

Willmott PR, Pauli SA, Herger R, Schleputz CM, Martoccia D, Patterson BD, Delley B, Clarke
R, Kumah D, Cionca C, Yacoby Y

Structural basis for the conducting interface between LaAlO3 and SrTiO3

PHYSICAL REVIEW LETTERS 99, 155502 (2007)

INVITED TALKS

Kurt Clausen
Is Instrumentation the driver for scientific progress? Lessons | have learned from the ESS
Symposium in honour of Colin Carlile, Sardinia 31 Mai — 1 June, 2007

Rudolf Morf
Light-trapping by diffraction gratings in silicon solar cells
Symposium on Photon management in Solar Cells, Bad Honnef, October 2008

Rudolf Morf
5.

The fractional quantum Hall state at v = 3 : what is so special about it?

Theory Seminar, Basle, 17. December 2007
LECTURES AND COURSES

Kurt Clausen

1) Accelerator generated Probes as tools for Materials Science

2) Materials and Life Sciences at Spallation Neutron Sources (1)

3) Materials and Life Sciences at Spallation Neutron Sources (2)

IAEA School on Pulsed Neutrons: Characterization of Materials — ICTP, Trieste, Italy 15-26
October 2007

MEMBERSHIP IN EXTERNAL COMMITTEES

Dr. K. Clausen

- Member of the ESS-Scandinavia Science Group (since 2004)

- Member of the Board of NMI3 (since 2004)

- Member of the Scientific Selection Panel of the Berlin Neutron Scattering Centre (since
2005)

- Member of the Science Program Advisory Council for Condenced Matter Physics and
Nanoelectronics at Research Centre Jilich, Germany (since 2006)

- Chairman of the BENSC Instrument Committee (since 2006)

- International Advisory Committee for The RIKEN-RAL Muon Facility

SJ014/24/2008 Page 3 of 48



Condensed Matter Research with Neutrons and
Muons

Laboratory of Neutron Scattering

LIST OF PUBLICATIONS (PEER REVIEWED)

Bailey AE, Poon WCK, Christianson RJ, Schofield AB, Gasser U, Prasad V, Manley S, Segre
PN, Cipelletti L, Meyer WV, Doherty MP, Sankaran S, Jankovsky AL, Shiley WL, Bowen JP,
Eggers JC, Kurta C, Lorik T, Pusey PN, Weitz DA

Spinodal decomposition in a model colloid-polymer mixture in microgravity

PHYSICAL REVIEW LETTERS 99, 205701 (2007)

Baranov NV, Gubkin AF, Vokhmyanin AP, Pirogov AN, Podlesnyak A, Keller L, Mushnikov
NV, Bartashevich Mi

High-field magnetization and magnetic structure of Tb3Co

JOURNAL OF PHYSICS-CONDENSED MATTER 19, 326213 (2007)

Baranov NV, Proshkin AV, Gerasimov EG, Podlesnyak A, Mesot J
Enhanced magnetic entropy in GdNi2
PHYSICAL REVIEW B 75, 092402 (2007)

Bernhard C, Niedermayer C, Drew A, Khaliullin G, Bayrakci S, Strempfer J, Kremer R, Chen
D, Lin C, Keimer B

Muon-spin rotation study of magnetism in NaxCoO2 single crystals with 0.78 < x < 0.97
EUROPHYSICS LETTERS 80, 27005 (2007)

Bishop AR, Bussmann-Holder A, Dolgov OV, Furrer A, Kamimura H, Keller H, Khasanov R,
Kremer RK, Manske D, Muller KA, Simon A

Real and marginal isotope effects in cuprate superconductors

JOURNAL OF SUPERCONDUCTIVITY AND NOVEL MAGNETISM 20, 393 (2007)

Bodenthin Y, Schwarz G, Gutberlet T, Geue T, Stahn J, Mohwald H, Kurth DG, Pietsch U
Molecular magnetism in thin metallo-supramolecular films: A combined neutron and soft X-ray

reflectometry study
SUPERLATTICES AND MICROSTRUCTURES 41, 138 (2007)

Bordallo HN, Argyriou DN, Barthes M, Kalceff W, Rols S, Herwig KW, Fehr C, Juranyi F,
Seydel T

Hydrogen in N-Methylacetamide: Positions and Dynamics of the Hydrogen Atoms Using
Neutron Scattering

JOURNAL OF PHYSICAL CHEMISTRY B 111, 7725 (2007)

Bordallo HN, Kolesov BA, Boldyreva EV, Juranyi F

Different dynamics of chiral and racemic (L- and DL-) serine crystals: Evidenced by
Incoherent Inelastic Neutron and Raman Scattering

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY 129, 10984 (2007)

Bowell C, Laver M, Forgan EM, Charalambous D, Lycett R, Fort D, Kohlbrecher J, Dewhurst
CD, Cubitt R

Symmetry-breaking degenerate vortex lattice structures in pure niobium

PHYSICA C-SUPERCONDUCTIVITY AND ITS APPLICATIONS 460, 1224 (2007)

Braun HB, Kulda J, Rossli B, Visser D, Kramer KW, Gudel HU, Boni P

Chiral quantum excitations in the anisotropic antiferromagnet CsCoBr3
JOURNAL OF MAGNETISM AND MAGNETIC MATERIALS 310, 1194 (2007)
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Cervellino A, Giannini C, Guagliardi A
Microstructure Analysis on Nanocrystalline Materials
IUCR NEWSLETTER 34, 1 (2007)

Chakraborty KR, Yusuf SM, Krishna PSR, Ramanadham M, Pomjakushin V, Tyagi AK
Structural stability of orthorhombic and rhombohedral La0.75Nd0.25CrO3: a high-temperature
neutron diffraction study

JOURNAL OF PHYSICS-CONDENSED MATTER 19, 216207 (2007)

Chang J, Pailhes S, Shi M, Mansson M, Claesson T, Tjernberg O, Voigt J, Perez V, Patthey
L, Momono N, Oda M, Ido M, Schnyder A, Mudry C, Mesot J

When low- and high-energy electronic responses meet in cuprate superconductors
PHYSICAL REVIEW B 75, 224508 (2007)

Chang J, Schnyder AP, Gilardi R, Ronnow HM, Pailhes S, Christensen NB, Niedermayer C,
McMorrow DF, Hiess A, Stunault A, Enderle M, Lake B, Sobolev O, Momono N, Oda M, Ido
M, Mudry C, Mesot J

Magnetic-field-induced spin excitations and renormalized spin gap of the underdoped
La1.895Sr0.105Cu0O4 superconductor

PHYSICAL REVIEW LETTERS 98, 077004 (2007)

Chapuis Y, Yaouanc A, Dalmas de reotier P, Pouget S, Fouquet P, Cervellino A, Forget A
Ground state of the geometrically frustrated compound Th2Sn207
JOURNAL OF PHYSICS-CONDENSED MATTER 19, 446206 (2007)

Chodankar S, Aswal V, Kohlbrecher J, Hassan P, Wagh A

Time evolution of crystallization phase of lysozyme protein in aqueous salt solution as studied
by scattering techniques

PHYSICA B-CONDENSED MATTER 398, 164 (2007)

Chodankar S, Aswal VK, Kohlbrecher J, Vavrin R, Wagh AG

Surfactant-induced protein unfolding as studied by small-angle neutron scattering and
dynamic light scattering

JOURNAL OF PHYSICS-CONDENSED MATTER 19, 326102 (2007)

Christensen AN, Lebech B, Sheptyakov D, Hanson JC

Structure of calcium aluminate decahydrate (CaAl204 center dot 10D(2)QO) from neutron and
X-ray powder diffraction data

ACTA CRYSTALLOGRAPHICA SECTION B-STRUCTURAL SCIENCE 63, 850 (2007)

Christensen N, Ronnow H, Mesot J, Ewings R, Momono N, Oda M, Ido M, Enderle M,
Mcmorrow D, Boothroyd A

Nature of the Magnetic Order in the Charge-Ordered Cuprate La1.48 Nd0.4 Sr0.12 CuO4
PHYSICAL REVIEW LETTERS 98, 197003 (2007)

Conder K, Podlesnyak A, Pomjakushina E, Pomjakushin V, Stingaciu M, Karkin AE
Transport properties and oxygen isotope effect in layered cobaltites RBaCo205+x
JOURNAL OF MAGNETISM AND MAGNETIC MATERIALS 310, 907 (2007)

Conder K, Podlesnyak A, Pomjakushina E, Stingaciu M
Layered cobaltites: Synthesis, oxygen nonstoichiometry, transport and magnetic properties
ACTA PHYSICA POLONICA A 111, 7 (2007)

Conder K, Stingaciu M, Pomjakushina E
Point defect chemistry of YBa2Cu306.5+delta
MATERIALS RESEARCH BULLETIN doi:10.1016, /2007.05.033 (2007)

Coomer F, Bondah-jagalu V, Grant K, Harrison A, Mcintyre G, Ronnow H, Feyerherm R,
Wand T, Meissner M, Visser D, Mcmorrow D

Neutron diffraction studies of nuclear and magnetic structures in the S=1/2 square
Heisenberg antiferromagnets (d6-5CAP)2 CuX4 (X = Br and Cl)

PHYSICAL REVIEW B 75, 094424 (2007)
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Dahlborg U, Besser M, Calvo-Dahlborg M, Janssen S, Juranyi F, Kramer MJ, Morris JR,
Sordelet DJ

Diffusion of Cu in AICu alloys of different composition by quasielastic neutron scattering
JOURNAL OF NON-CRYSTALLINE SOLIDS 353, 3295 (2007)

Duerr N, Kohlbrecher J, Zuercher T, Gunde R, Fischer P, Windhab E

Microstructure and Stability of a Lamellar Liquid Crystalline and Gel Phase Formed by a
Polyglycerol Ester Mixture in Dilute Aqueo Solutionus

LANGMUIR 23, 12827 (2007)

Duval S, Holtappels P, Vogt U, Pomjakushina E, Conder K, Stimming U, Graule T
Electrical conductivity of the proton conductor BaZr0.9Y0.10(3-y) obtained by high
temperature annealing

SOLID STATE IONICS 178, 1437 (2007)

Embs JP, Wagner C, Knorr K, Lucke M
Measuring the anomalous dispersion branch of surface waves on ferrofluids
EPL 78, 44003 (2007)

Feuz L, Strunz P, Geue T, Textor M, Borisov O

Conformation of poly(L-lysine)-graft-poly(ethylene glycol) molecular brushes in aqueous
solution studied by small-angle neutron scattering

EUROPEAN PHYSICAL JOURNAL E 23, 237 (2007)

Furrer A

Admixture of an s-Wave Component to the d-Wave Gap Symmetry in High-Temperature
Superconductors

HIGH Tc SUPERCONDUCTORS AND RELATED TRANSITION METAL OXIDES,
SPRINGER VERLAG BERLIN , 135 (2007)

Georgii R, Boni P, Janoschek M, Schanzer C, Valloppilly S
MIRA - A flexible instrument for VCN
PHYSICA B-CONDENSED MATTER 397, 150 (2007)

Giannini C, Cervellino A, Guagliardi A, Gozzo F, Zanchet D, Rocha T, Ladisa M
A Debye function based powder diffraction data anlysis method
ZEITSCHRIFT FUR KRISTALLOGRAPHIE Suppl. 26, 105 (2007)

Gruenzweig C, Hils T, Muehlbauer S, Ay M, Lorenz K, Georgii R, Gaehler R, Boeni P
Multiple small angle neutron scattering: A new two-dimensional ultrasmall
APPLIED PHYSICS LETTERS 91, 203504 (2007)

Grytsiv A, Rogl P, Podlouckya R, Schmidt H, Giester G, Pomjakushin V
Crystal chemistry of the G-phases in the Ti, Zr, HfNiSi systems
JOURNAL OF SOLID STATE CHEMISTRY 180, 738 (2007)

Gvasaliya S, Roessli B, Cowley R, Kojima S, Lushnikov S
Neutron scattering studies of the mechanism of
JOURNAL OF PHYSICS-CONDENSED MATTER 19, 016219 (2007)

Gvasaliya SN, Roessli B, Lushnikov SG, Hushur A, Kojima S
Neutron and light scattering studies of nearly stoichiometric lithium tantalate
FERROELECTRICS 354, 192 (2007)

Haas S, Stassen AF, Schuck G, Pernstich KP, Gundlach DJ, Batlogg B, Berens U, Kirner HJ
High charge-carrier mobility and low trap density in a rubrene derivative
PHYSICAL REVIEW B 76, 115203 (2007)

Hafliger PS, Podlesnyak A, Conder K, Pomjakushina E, Furrer A

The pseudogap in LSCO-type high-temperature superconductors as seen by neutron crystal-
field spectroscopy

PROGRESS IN SOLID STATE CHEMISTRY 35, 415 (2007)
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Herle V, Kohlbrecher J, Pfister B, Fischer P, Windhab EJ
Alternating vorticity bands in a solution of wormlike micelles
PHYSICAL REVIEW LETTERS 99, 158302 (2007)

Hollmann O, Gutberlet T, Czeslik C
Structure and Protein Binding Capacity of a Planar PAA Brush
LANGMUIR 23, 1347 (2007)

Hossain S, Truman CE, Smith DJ, Peng RL, Stuhr U
A study of the generation and creep relaxation of triaxial residual stresses in stainless steel
INTERNATIONAL JOURNAL OF SOLIDS AND STRUCTURES 44, 3004 (2007)

Hushur ANWAR, Gvasaliya SEVERIAN, Roessli BERTRAND, Lushnikov SERGEY, Kojima
SEUI

Ferroelectric phase transition of stoichiometric lithium tantalate studied by Raman, Brillouin,
PHYSICAL REVIEW B 76, 064104 (2007)

Ito N, Michels A, Kohlbrecher J, Garitaonandia JS, Suzuki K, Cashion JD
Effect of magnetic field annealing on the soft magnetic properties of nanocrystalline materials
JOURNAL OF MAGNETISM AND MAGNETIC MATERIALS 316, 458 (2007)

Janoschek M, Klimko S, Gahler R, Roessli B, Boni P
Spherical neutron polarimetry with MuPAD
PHYSICA B-CONDENSED MATTER 397, 125 (2007)

Kang K, Wilk A, Patkowski A, Dhont JKG
Diffusion of spheres in isotropic and nematic networks of rods: Electrostatic interactions and

hydrodynamic screening
JOURNAL OF CHEMICAL PHYSICS 126, 214501 (2007)

Kawasaki Y, Gavilano J, Roessli B, Andreica D, Baines C, Pomjakushina E, Conder K, Ott H
mu-SR studies of CePd2In at low temperature
LT23 PROCEEDINGS , (2007)

Khasanov R, Shengelaya A, Di Castro D, Eshchenko DG, Savic IM, Conder K, Pomjakushina
E, Karpinski J, Kazakov S, Keller H

Magnetic-field dependence of the oxygen isotope effect on the magnetic penetration depth of
hole-doped cuprate superconductors

PHYSICAL REVIEW B 75, 060505 (2007)

Kohlbrecher J, Bollhalder A, Vavrin R, Meier G

A high pressure cell for small angle neutron scattering up to 500 MPa in combination with light
Scattering to investigate liquid samples

REVIEW OF SCIENTIFIC INSTRUMENTS 78, 125101 (2007)

Kondo T, Khasanov R, Karpinski J, Kazakov SM, Zhigadlo ND, Ohta T, Fretwell HM,
Palczewski AD, Koll JD, Mesot J, Rotenberg E, Keller H, Kaminski A

Dual character of the electronic structure of YBa2Cu408: The conduction bands of CuO2
planes and CuO chains

PHYSICAL REVIEW LETTERS 98, 157002 (2007)

Krivokapic |, Zerara M, Daku ML, Vargas A, Enachescu C, Ambrus C, Tregenna-Piggott P,
Amstutz N, Krausz E, Hauser A

Spin-crossover in cobalt(ll) imine complexes

COORDINATION CHEMISTRY REVIEWS 251, 364 (2007)

Kumar A, Yusuf SM, Keller L, Yakhmi JV, Srivastava JK, Paulose PL

Variation of structural and magnetic properties with composition in the (CoxNi1-x)(1.5)
[Fe(CN)(6)] center dot zH(2)O series

PHYSICAL REVIEW B 75, 224419 (2007)
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Lancaster T, Blundell SJ, Andreica D, Janoschek M, Roessli B, Gvasaliya SN, Conder K,
Pomjakushina E, Brooks ML, Baker PJ, Prabhakaran D, Hayes W, Pratt FL

Magnetism in geometrically frustrated YMnOG3 under hydrostatic pressure studied with muon
spin relaxation

PHYSICAL REVIEW LETTERS 98, 197203 (2007)

Lappas A, Nuttall CJ, Fthenakis ZG, Pomjakushin V, Roberts MA

Topotactic Intercalation of a Metallic Dense Host Matrix Chalcogenide with Large Electron-
Phonon Coupling: Crystal Structures and Electronic Properties of LixMo2SbS2 (0 e x < 0.7)
CHEMISTRY OF MATERIALS 19, 69 (2007)

Leon L, Porras J, Losilla E, Sheptyakov D, Llobet A, Aranda M
Low temperature crystal structures of apatite oxygen-conductors containing interstitial oxygen
JOURNAL OF THE CHEMICAL SOCIETY-DALTON TRANSACTIONS , 2058 (2007)

Loviat F, Ronnow H, Renner C, Aeppli G, Kimura T, Tokura Y
The surface layer of cleaved bilayer manganites
NANOTECHNOLOGY 18, 044020 (2007)

Luetkens H, Stingaciu M, Pashkevich YG, Lemmens P, Pomjakushina E, Conder K, Klauss
HH

Oxygen isotope effect on the AFM-FM phase transition of the layered cobaltite
HoBaCo0205.47

JOURNAL OF MAGNETISM AND MAGNETIC MATERIALS 310, 1566 (2007)

Mansson M, Claesson T, Karlsson UO, Tjernberg O, Pailhes S, Chang J, Mesot J, Shi M,
Patthey L, Momono N, Oda M, Ido M

On-board sample cleaver

REVIEW OF SCIENTIFIC INSTRUMENTS 78, 076103 (2007)

Michailovski A, Worle M, Sheptyakov D, Patzke GR
Hydrothermal synthesis of anisotropic alkali and alkaline earth vanadates
JOURNAL OF MATERIALS RESEARCH 22, 5 (2007)

Michels A, Vecchini C, Moze O, Suzuki K, Pranzas PK, Kohlbrecher J, Weissmuller J
Temperature dependence of dipole-field scattering in Nanoperm
JOURNAL OF MAGNETISM AND MAGNETIC MATERIALS 316, 448 (2007)

Muecksch M, Koza M, Mutka H, Ritter C, Cervellino A, Podlesnyak A, Sheptyakov D, Tsurkan
V, Krimmel A, Horn S, Loidl A

Multi-step magnetic ordering in frustrated thiospinel

JOURNAL OF PHYSICS-CONDENSED MATTER 19, 145262 (2007)

Nozaki H, Janoschek M, Roessli B, Sugiyama J, Keller L, Brewer JH, Ansaldo E, Morris GD,
Takami T, lkuta H

Antiferromagnetic spin structure in BaCoO3 below 15 K determined by neutron and mu+SR
JOURNAL OF PHYSICS AND CHEMISTRY OF SOLIDS 68, 2162 (2007)

Nozaki H, Janoschek M, Roessli B, Sugiyama J, Keller L, Brewer JH, Ansaldo EJ, Morris GD,
Takami T, Ikuta H

Neutron diffraction and mu SR study on the antiferromagnet BaCoO3

PHYSICAL REVIEW B 76, 014402 (2007)

Palacios L, Torre A, Bruque S, Garcia J, Garcia S, Sheptyakov D, Aranda M
Crystal Structures and in-Situ Formation Study of Mayenite Electrides
INORGANIC CHEMISTRY 46, 4167 (2007)

Paul A, Schneider CM, Stahn J

Reversal mechanism and suppression of training in an exchange-coupled system
PHYSICAL REVIEW B 76, 184424 (2007)
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Pedrini B, Wessel S, Gavilano JL, Ott HR, Kazakov SM, Karpinski J
Quenching of the Haldane gap in LiVSi206 and related compounds
EUROPEAN PHYSICAL JOURNAL B 55, 219 (2007)

Petrakovskii G, Bezmaternykh L, Bayukov O, Popov M, Schefer J, Niedermayer C,
Aleshkevich P, Szymczak R

Magnetic Structure and Magnetic Excitations in the Two-Dimensional Spin System of the
Cu3B206 Compound

PHYSICS OF THE SOLID STATE 49, 14315 (2007)

Podlesnyak A, Conder K, Pomjakushina E, Mirmelstein A, Allenspach P, Khomski DI
Effect of light Sr doping on the spin-state transition in LaCoO3
JOURNAL OF MAGNETISM AND MAGNETIC MATERIALS 310, 1552 (2007)

Podlesnyak A, Karkin A, Conder K, Pomjakushina E, Stingaciu M, Allenspach P
Magnetic and electric transport properties of ThBaCo0205.5 single crystal
JOURNAL OF MAGNETISM AND MAGNETIC MATERIALS 316, 710 (2007)

Podlesnyak A, Pomjakushin V, Pomjakushina E, Conder K, Furrer A
Magnetic excitations in the spin-trimer compounds Ca3Cu3-xNix(PO4)(4) (x=0,1,2)
PHYSICAL REVIEW B 76, 064420 (2007)

Pomjakushin VY, Furrer A, Sheptyakov DV, Pomjakushina EV, Conder K

Crystal and magnetic structures of the spin-trimer compounds Ca3Cu3-xNix(PO4)(4)
(x=0,1,2)

PHYSICAL REVIEW B 76, 174433 (2007)

Pomjakushin VY, Sheptyakov DV, Conder K, Pomjakushina EV, Balagurov AM

Effect of oxygen isotope substitution and crystal microstructure on magnetic ordering and
phase separation in (La1-yPry)(0.7)Ca0.3Mn0O3

PHYSICAL REVIEW B 75, 054410 (2007)

Pregelj M, Zorko A, Berger H, van Tol H, Brunel LC, Ozarowski A, Nellutla S, Jaglicic Z,
Zaharko O, Tregenna-Piggott P, Arcon D

Magnetic structure of the S=1Ni(5)(TeO3)(4)Br-2 layered system governed by magnetic
anisotropy

PHYSICAL REVIEW B 76, 144408 (2007)

Reinke D, Stark H, Gruenberg H, Schofield A, Maret G, Gasser U
Noncentral Forces in Crystals of Charged Colloids
PHYSICAL REVIEW LETTERS 98, 038301 (2007)

Ronnow H, Jensen J, Parthasarathy R, Aeppli G, Rosenbaum T, Mcmorrow D, Kraemer C
Magnetic excitations near the quantum phase transition in the Ising ferromagnet LiHoF4
PHYSICAL REVIEW B 75, 054426 (2007)

Ruegg C, McMorrow DF, Normand B, Ronnow HM, Sebastian SE, Fisher IR, Batista CD,
Gvasaliya SN, Niedermayer C, Stahn J

Multiple magnon modes and consequences for the Bose-Einstein condensed phase in
BaCuSi206

PHYSICAL REVIEW LETTERS 98, 017202 (2007)

Scheuerlein C, Stuhr U, Thilly L

In situ neutron diffraction under tensile loading of powder-in-tube Cu/Nb3Sn composite wires:
Effect of reaction heat treatment on texture, internal stress state, and load transfer

APPLIED PHYSICS LETTERS 91, 042503 (2007)

Schmidt H, Gruber W, Gutberlet T, Ay M, Stahn J, Geckle U, Bruns M

Structural relaxation and self-diffusion in covalent amorphous solids: Silicon nitride as a
model system

JOURNAL OF APPLIED PHYSICS 102, 043516 (2007)
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Schmidt H, Gupta M, Geckle U, Bruns M

Self-diffusion in covalent amorphous solids- a comparative study using neutron reflectometry
and SIMS

DEFECT AND DIFFUSION FORUM 263, 51 (2007)

Schorr S, Wagner G, Tovar M, Sheptyakov D

Comparative Studies of the Structure and Microstructure of Zn2x(CuBlIll) 1-xX2
Semiconductors (BllI=Ga,In; X=S,Se, Te)

MATERIALS RESEARCH SOCIETY SYMPOSIUM PROCEEDINGS 12, (2007)

Schuck G, Haas S, Stassen AF, Berens U, Batlogg B
5,11-Bis(4-tert-butylphenyl)-6,12-diphenylnaphthacene (form A)

ACTA CRYSTALLOGRAPHICA SECTION E-STRUCTURE REPORTS ONLINE 63, 2894
(2007)

Schuck G, Haas S, Stassen AF, Kirner HJ, Batlogg B
5,12-Bis(4-tert-butylphenyl)-6,11-diphenylnaphthacene

ACTA CRYSTALLOGRAPHICA SECTION E-STRUCTURE REPORTS ONLINE 63, 2893
(2007)

Schwarzenbach D, Birkedal H, Hostettler M, Fischer P

Neutron diffraction investigation of the temperature dependence of crystal structure and
thermal motions of red Hgl(2)

ACTA CRYSTALLOGRAPHICA SECTION B-STRUCTURAL SCIENCE 63, 828 (2007)

Sherstobitova E, Gubkin A, Zakharov A, Teplykh A, Podlesnyak A, Gvasaliya S, Park J,
Baranov N, Pirogov A

Neutron Diffraction Investigation of a Metamagnetic Transition in the Tb0.1Tm0.9Co2
Compound

PHYSICS OF THE SOLID STATE 49, 1305 (2007)

Shigematsu H, Akishige Y, Gvasaliya S, Pomjakushin V, Lushnikov S, Kojima S
Neutron Diffraction Study of the Phase Transition in BaTi25
FERROELECTRICS 346, 43 (2007)

Singh S, Basu S, Gupta M, Vedpathakz M, Kodama R
Investigation of interface magnetic moment of Fe / Ge multilayer: A neutron reflectivity study
JOURNAL OF APPLIED PHYSICS 101, 033913 (2007)

Strassle S, Roos J, Mali M, Conder K, Pomjakushina E, Keller H
La-139 NMR and NQR investigations of the superconductor LaBa2Cu307-delta
PHYSICA C-SUPERCONDUCTIVITY AND ITS APPLICATIONS 460, 890 (2007)

Strassle T (Straessle Thierry)

Experimental evidence for a crossover between two distinct mechanisms of amorphization in
ice Ih under pressure

PHYSICAL REVIEW LETTERS 99, 175501 (2007)

Strunz P, Mukheriji D, Pigozzi G, Gilles R, Geue T, Pranzas K
Characterization of Core-Shell Nanoparticles by Small Angle Neutron Scattering
APPLIED PHYSICS A-MATERIALS SCIENCE & PROCESSING 88, 277 (2007)

Tamonov A, Sumin V, Stuhr U

Neutron diffraction investigation of the residual stress gradient near stainless steel-zirconium
alloy interface

ZEITSCHRIFT FUR KRISTALLOGRAPHIE 26, 361 (2007)

Taran Y, Schreiber J, Balagurov A, Stuhr U, Kockelmann H, Zlokazov V

Triaxal residual stresses in composite tube from austenitic stainless steel with welded ferritic
steel cladding

ZEITSCHRIFT FUR KRISTALLOGRAPHIE 26, 355 (2007)
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Tiden N, Alekseev A, Lazukov V, Podlesnyak A, Clementyev E, Furrer A
Magnetic correlations in heavy fermion CeAl3 compound
SOLID STATE COMMUNICATIONS 141, 474 (2007)

Tripadus V, Gugiu M, Statescu M, Podlesnyak A
Molecular dynamics in ammonium dihydrogen phosphate using incoherent neutron scattering
CHEMICAL PHYSICS 335, 233 (2007)

Van den brandt B, Glaettli H, Griesshammer H, Hautle P, Kohlbrecher J, Konter A

An Accurate Measurement of the Spin-Dependent Neutron-Deuteron Scattering Length
PROCEEDINGS OF THE 17TH INTERNATIONAL SPIN PHYSICS SYMPOSIUM CP 915,
769 (2007)

Vignolle B, Hayden S, Mcmorrow D, Ronnow H, Lake B, Frost C, Perring T

Two energy scales in the spin excitations of the high-temperature superconductor La2-x Srx
CuO4

NATURE PHYSICS AOP, 546 (2007)

Vitale F, Mirenghi L, Piscopiello E, Protopapa ML, Tapfer L, Giannini C, Guagliardi A,
Cervellino A, Pellegrini G, Trave E, Mattei G, Mazzoldi P, Fratoddi I, Russo MV
Synthesis and Microstructural Analysis of Benzylthiol-functionalized Au Nanocrystals
MATERIALS RESEARCH SOCIETY SYMPOSIUM PROCEEDINGS 959E, 1 (2007)

Wildes AR, Ronnow HM, Roessli B, Harris M, Godfrey KW
Anisotropy and the critical behaviour of the quasi-2D antiferromagnet, MnPS3
JOURNAL OF MAGNETISM AND MAGNETIC MATERIALS 310, 1221 (2007)

van den Brandt B, Glattli H, Hautle P, Kohlbrecher J, Konter JA, Michels A, Stuhrmann HB,
Zimmer O

Creating local contrast in small-angle neutron scattering by dynamic nuclear polarization
JOURNAL OF APPLIED CRYSTALLOGRAPHY 40, 106 (2007)

INVITED TALKS

A.Bendounan

Study of high temperature superconductors by ARPES Bi2223 and LSCO components,
Experimentelle Physik I, Universitat Wirzburg, Wirzburg, Germany, December 18, 2007,
invited talk

A.Bendounan

Etude d’états quasi-bidimensionnels par ARPES et STS,

Institut de physique de Rennes, Université de Rennes |, France, November 6 2007, invited
talk

A.Bendounan
Low dimensional electronic structures studied by ARPES and STS,
Universita degli Studi di Napoli, Federico Il, Naples, Italy June 15, 2007, invited talk

A.Bendounan

High resolution ARPES on low-dimensional structures ,

CORPES meeting (Strong Correlations and Angle-Resolved Photoemission Spectroscopy),
Dresden, Germany, April 16, 2007, invited talk

A. Cervellino
From atoms to pixel counts-a short travel

SLS symposium X-ray and Neutron Diffraction, SLS, PSI, Villigen, Switzerland June 5, 2007,
invited talk
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A. Cervellino
Metodo di debye per la modellazione di nanoparticelle Il. Scuola ARS2,
ELETTRA Synchrotron, Trieste, Italy, April 22-26, 2007, invited talk

A. Cervellino, C. Giannini, A. Guagliardi

Use of the debye formula in the investigations of nanocrystals size,

StrainV - 5" Size-Strain conference 'Diffraction Analysis of the Microstructure of Materials',
Garmisch-Partenkirchen, Germany, October 7-9, 2007, invited talk

A. Cervellino, M. Leoni
Analisi del profile di diffrazione metodi a vanzati, Il Scuola ARS2,
ELETTRA Synchrotron Trieste, ltaly, April 22-26, 2007, invited talk

J. Chang

Low- and high-energy electronic responses in high-temperature Superconductors,

Study of Matter at Extreme Conditions (SMEC2007), Miami, USA, April 16-21, 2007, invited
talk

N. B. Christensen, H. M. Rennow, D. F. McMorrow, A. Harrison, T. G. Perring, M. Enderle, R.
Coldea, L.-P. Regnault, G. Aeppli

Quantum dynamics of spins on a square lattice,

DyProSo XXXI, International symposium on dynamical properties of solids, Porto, Portugal,
September 25-29, 2007, invited talk

N. B. Christensen, H. M. Rgnnow, J. Mesot, R. A. Ewings, N. Momono, M. Oda, M. Ido, M.
Enderle, D. F. McMorrow, A. T. Boothroyd

The nature of the spin modulations in the charge-ordered superconductor

La1.4sNdg 4Srg.12CuO4

6" International Conference on New Theories, Discoveries and Applications of
Superconductors and Related Materials (New3SC-6), Sydney, Australia, January 9-11, 2007,
invited talk

A. Furrer
On higher-order correlations in physics,
Lise-Meitner Colloquium, HMI Berlin, Germany, November 11, 2007, invited talk

A.Furrer

Admixture of an s-wave component to the d-wave gap symmetry in high-temperature
superconductors,

International Conference on Dynamics in Complex Systems (DELFS-III), Port Jefferson, USA,
May 23-26, 2007, invited talk

A.Furrer

Access to higher-order correlations in neutron scattering experiments,

ECNS 2007 - 4" European Conference on Neutron Scattering, Lund, Sweden, June 25-29,
2007, invited talk

U. Gasser

Real-space imaging of crystal nuclei in colloidal suspensions,

NAG2007, Conference on Nucleation, Aggregation and Growth, Bangalore, (India), January
29-31 2007, invited talk

S.N. Gvasaliya

Investigations of the relaxor ferroelectrics by neutron scattering,

Abstracts of the 2007 Gatchina PNPI Winter School on the physics of condensed matter,
invited talk

T. Gutberlet

Structure and dynamics of model membrane systems,
IMFUFA Seminar, University of Roskilde, Denmark, September 13, 2007, invited talk
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T. Gutberlet

Diffusion and collective motions in phospholipd bilayers,

Workshop Perturbation of lipid membrane structure and dynamics induced by doping with
amphiphilic molecules, University of Roskilde, Denmark, June 14, 2007, invited talk

J. Hoppeler

Investigation on the magnetic ordering in perovskite-like superconductor / ferromagnet
multilayers,

Chalk River, Canada, March 3, 2007, invited talk

F. Juranyi
Approaches for cement studies using neutron scattering methods,
CEMNET Workshop, PSI, Villigen, Switzerland, September 10, 2007, invited talk

M. Kenzelmann
Magnetic inversion symmetry breaking in multiferroic transition metal oxides, MMM/Intermag
Conference, Baltimore, January 7-11, 2007, invited talk

M. Kenzelmann

Magneto-electric multiferroicity in quantum magnetic insulators,

Workshop on Moments and Multiplets in Mott Materials, Kavli Institute for Theoretical Physics,
University of California, Santa Barbara, November 5-9, 2007, invited talk

M. Kenzelmann
Muiltiferroicity on the triangular lattice,
SNS-HFIR User Group Meeting, Oak Ridge, October 8-11, 2007, invited talk

M. Kenzelmann
Magnetically induced ferroelectricity, Perspectives,
DyProSo XXXI, Portugal, September 25-29, 2007, invited talk

M. Kenzelmann

Ferroelectricity in magnetic insulators with competing interactions,

International Symposium on Dynamical Properties of Solids (DyProSo XXXI), Porto,
September 25-29, 2007, invited talk

M. Kenzelmann

Quantum magnetism and multiferroic materials,

6" PSI Summer School on Condensed Matter Research, Zuoz, Switzerland, August, 13-18
August 2007, invited talk

M. Kenzelmann

Determination of the magnetic structures in TbMnQj,

Workshop on Representational Analysis of Complex Magnetic Structures, NIST, July 23-26,
2007, invited talk

M. Kenzelmann
Multiferroicity on the triangular lattice, Workshop on Multiferroics
University of Maryland, July 19, 2007, invited talk

M. Kenzelmann
Competing interactions and ferroelectricity in quantum magnetic insulators,
Workshop in Triple-Axis Spectroscopy, HANARO, South Korea, July 13, 2007, invited talk

M. Kenzelmann

Magneto-electric multiferroicity in quantum magnetic insulators,
Pohang University, South Korea, July 11, 2007, invited talk
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M. Kenzelmann
Magneto-electric multiferroicity in quantum magnetic insulators,
University of Geneva, May 2, 2007, invited talk

M. Kenzelmann
From quantum magnetism to multiferroicity,
Lujan Center, Los Alamos, March 14, 2007, invited talk

M. Kenzelmann

Muiltiferroicity in quantum magnetic insulators,

National High Magnetic Field Laboratory, Los Alamos National Laboratory, March 13, 2007,
invited talk

M. Kenzelmann
Competing interactions in quantum magnetic insulators,
EPFL, Lausanne, Feburary 27, 2007, invited talk

M. Kenzelmann
Competing interactions in quantum magnetic insulators,
SLS, Paul Scherrer Institute, February 16, 2007, invited talk

M. Kenzelmann
Competing interactions in quantum magnetic insulators,
Rice University, Feburary 7, 2007, invited talk

M. Kenzelmann
Competing interactions in quantum magnetic insulators,
University of California, Davis, February 5, 2007, invited talk

M. Kenzelmann
Competing interactions in quantum magnetic insulators
University of Minnesota, February 1, 2007, invited talk

M. Kenzelmann, G. Lawes, B. Harris, G. Goran, B. Collin, A. Ramirez, G.A. Jorge, M. Jaine,
S. Park, A. Ya, Shapiro, A.A. Demianets

Direct transition from a disordered to a multiferroic phase

APS March Meeting, Denver, March 6, 2007, invited talk

J.Kohlbrecher

Pressure induced phase transition in sterically stabilised colloids, A neutron and light
Scattering study,

ECNS 2007 - 4™ European Conference on Neutron Scattering, Lund, Sweden, June 25-29,
2007, invited talk

J.Kohlbrecher

The polarisation option on SANS-1 at SINQ-PSI, Investigations on magnetic recording
materials using SANSPol

TU Muenchen, April 2, 2007, invited talk

J.Kohlbrecher
Some applications of the new polarization and time resolved option at the PSI-SANS,
BARC Institute Mumbai, January 24, 2007, invited talk

J. Mesot

Superconductivity and flux lattice structures,

School on Pulsed Neutrons Characterization of Materials, Trieste, Italy, October 15-26, 2007,
invited talk
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J. Mesot

Single crystal neutron spectroscopy,

School on Pulsed Neutrons Characterization of Materials, Trieste, Italy, October 15-26, 2007,
invited talk

J. Mesot

Dynamical susceptibility in the underdoped regime of LSCO,

MaNEP Swiss Workshop on Materials with Novel Electronic Properties, Les Diablerets,
Switzerland, September 20-28, 2007, invited talk

J. Mesot
SINQ quo vadis, 10 Years celebration,
Paul Scherrer Institut, Villigen, Switzerland, September 21, 2007 , invited talk

J. Mesot

Two-components susceptibility in underdoped cuprates as revealed by neutron scattering,
Gordon Research Conference on Superconductivity, Les Diablerets, Switzerland, September
9-14, 2007, invited talk

J. Mesot
Testing fermi liquid theory in cuprate superconductors ARPES and neutron scattering studies,
Stuttgarter Physikalisches Kolloquium, MPI Stuttgart, Germany, May 22, 2007, invited talk

J. Mesot

Spin- and electron-dynamics in high-temperature superconductors,

Symposium in Honor of Prof. Hans Rudolf Ott, ETH Zurich, Switzerland, May 11, 2007 ,
invited talk

J. Mesot
Neutron and photoemission investigations of metal-oxides,
seminar ENE Dept, PSI, Villigen, Switzerland, March 5, 2007, invited talk

J. Mesot

Interplay between magnetic and electronic degrees of freedom in high-temperature
superconductors,

Seminar TU Delft, Delft, The Netherlands, February 28, 2007 , invited talk

J. Mesot
Electron- and spin-dynamics of unconventional cuprate superconductors,
van der Waals-Zeeman Collogiuim, Amsterdam, NL, February 27, 2007 , invited talk

J. Mesot
Neutron and photoemission investigations of high-temperature supercondcutors,
Hahn-Meitner-Institute Dept, Berlin, Germany, November 20, 2007 invited talk

J.Mesot
Two energy scales in HTSC from combined neutron and ARPES spectroscopies,
2 Workshop on Properties of HTSC, Munich, Germany, December 17-18, 2007, invited talk

E. Pomjakushina
Complex metal oxides grown by travelin% solvent floating zone method,
EMPA, Dubendorf, Switzerland, May 17", 2007, invited talk

J. Schefer

Status report and highlights at the Swiss Neutron Spallation Source SINQ

Annual Meeting of the Swiss Society for Crystallography, Villigen PSI, Switzerland, Sept 13,
2007, invited talk
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J. Schefer, M.Boehm, B.Roessli, L.Keller, M.Janoschek, P.Fischer, M. Medarde, A.S. Willis,
B. Oulladdiaf, E. Lelévre-Berna, G.A. Petrakovskii, L. Bezmaternikh, V. Temerov and D.
Velikanov

Magnetic structure investigations with neutrons using the instrumentation at SINQ and at ILL,
Workshop INTAS New Layered 3d Materials for Spintronics, Krasnoyarsk, Russia, March 20-
23, 2007, invited talk

D. Sheptyakov

Complementarity of X-Ray and neutron diffraction in crystal structure Analysis,

SLS symposium on X-ray and Neutron Diffraction, SLS, PSI, Switzerland, June 05, 2007,
invited talk

D. Sheptyakov
Neutron diffraction study of the crystal and magnetic structures of Na,RuO,
EPFL, Lausanne, Switzerland, January 29, 2007, invited talk

Th. Strassle

FOCUS - a versatile cold TOF-spectrometer at PSI and amporphization and polyamorphous
transition in ice Ih,

Seminar at ANSTO, Sydney, Australia, February 27, 2007, invited talk

Th. Strassle

Pressure-induced amorphization mechanism(s) in ice Ih probed by inelastic neutron
Scattering techniques,

Workshop on Advances in High Pressure Crystallography at Large Scale Facilities (organized
by IUCr Commission on High Pressure), Oxford, U.K., September 3-7, 2007, invited talk

B. Thielemann, Ch. Riegg, H. M. Rgnnow, J. Mesot, D. F. McMorrow, K. W. Kramer, D.
Biner, H.-U. Gudel, K. Kiefer, J. Stahn, S. Gvasaliya, K. Habicht, M. Boehm and B. Grenier
Continuous spin-excitation spectrum in a novel spin-ladder,

High Magnetic Field Laboratory, Research Center Dresden-Rossendorf, Germany, December
4, 2007, invited talk

B. Thielemann, Ch. Riiegg, H. M. Rannow, J. Mesot, D. F. McMorrow, K. W. Kramer, D.
Biner, H.-U. Gldel, K. Kiefer, J. Stahn, S. Gvasaliya, K. Habicht, M. Boehm and B. Grenier
Phase diagram and spin dynamics in a novel organic spin ladder material,

MaNEP Review Panel, University of Geneva, Switzerland, June 14, 2007, invited talk

P. Tregenna-Piggot
Introducing the Inverted-Geometry time-of-flight instrument, MARS, at SINQ,
Copenhagen, Denmark: September 2007, invited talk

P. Tregenna-Piggot
Introducing the Inverted-Geometry time-of-flight instrument, MARS, at SINQ,
ECNS 2007 -Lund Sweden: June 2007, invited talk

A. Wilk
Soft matter — small angle neutron scattering at PSI,
IESL FORTH- Heraklion, Kreta, Greece, January, 12, 2007, invited talk

CONFERENCE, WORKSHOP AND SEMINAR CONTRIBUTIONS

A Bendounan, Y. Sassa, J. Mesot, M. Shi, L. Patthey, P. Xu, M. Grioni, E. Giannini, D. van
der Marel

Photoemission investigation on triple-layered BISCCO superconductor,

CORPES meeting, Dresden, Germany, April 16, 2007, poster
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A. Bendounan, Y. Sassa, J. Mesot, M. Shi, L. Patthey, P. Xu, M. Grioni, A. Piriou, E. Giannini,
D. van der Marel

ARPES study of the Bi-2223 electronic structure,

8" SLS Users Meeting, PSI, Villigen, Switzerland, September 11-12, 2007, poster

A.Bendounan

Character of the valence states in organic monolayer systems PTCDA/Ag(111) and
NTCDA/Ag(111),

SLS symposium, PSI, Villigen, Switzerland, July 3, 2007, talk

A. Bendounan, Y. Sassa, J. Mesot, M. Shi, L. Patthey, P. Xu, M. Gironi, A. Piriou, E. Giannini,
D. Van der Marel

ARPES study of the electronic structure Bi-2223,

MaNEP Swiss Workshop on Materials with Novel Electronic Properties, Les Diablerets,
Switzerland, September 28-30, 2007, poster

O. O. Bernal, D.E. MacLaughlin, J.L. Gavilano, G. Stewart
Disorder effects and quantum criticality in UCus-xNiy,
muSR Users Meeting, PSI, Villigen, Switzerland, January 23-24, 2007, talk

S. Busch, F. Juranyi, T. Gutberlet

Water Dynamics in Phospholipid Model Membrane Systems, MIPP 2007 Membrane
Interacting Peptides and Proteins,

Int. Bunsen Discussion Meeting, Halle, Germany, March 28-31, 2007, poster

A. Cervellino, C. Giannini, A. Guagliardi, P.D. Cozzoli

Neutron scattering study of nanopatrticles,

ECNS 2007 - 4" European Conference on Neutron Scattering, Lund, Sweden, June 25-29,
2007, poster

J. Chang
Low- and high-energy electronic responses in high-temperature Superconductors,
CORPESOQ7, Dresden, Germany, April 23-27, 2007, talk

J. Chang

Anisotropic quantum critical scattering in the underdoped to optimally doped regime of Las.
xSrCuQy,

MaNEP evaluation, Geneva, Switzerland, June 14, 2007, talk

J. Chang,

Low- and high-energy electronic responses in high-temperature superconductors,

Swiss Physical Society - Annual Meeting 2007, University of Zurich, Zurich, Switzerland,
February 20-21, 2007, talk

J.Chang

Anisotropic quasiparticle scattering in the underdoped to optimally doped regime of La,.
x»SrCuOy,

Gordon Research Conference Superconductivity, Les Diableret, Switzerland, September 09-
14, 2007, poster

J.Chang

Anisotropic quasiparticle scattering in the underdoped to optimally doped regime of La,.
xSrCuOy,

Swiss Workshop on Materials with Novel Electronic Properties, Les Diableret, Switzerland,
September 28-30, 2007, poster
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F. Ebert, P. Dillmann, U. Gasser, G. Maret

Dynamical, structural and elastic properties of a 2D colloidal binary mixture of magnetic
dipoles, Soft, Complex, and Biological Matter,

Satellite Conference of IUPAP Statphys 23, Citta del Mare, Terrasini Sicily, July 15-19 2007,
poster

N. B. Christensen, H. M. Rennow, J. Mesot, R. A. Ewings, N. Momono, M. Oda, M. Ido, M.
Enderle, D. F. McMorrow, A. T. Boothroyd

On the magnetic order in the charge-ordered superconductor Laq 4gNdy 4Sr.12CUQy,

ECNS 2007- 4™ European conference on neutron scattering, Lund, Sweden, June 25-29
2007, poster

U. Dietrich, T. Gutberlet, P. Kriiger

Investigation of the interaction of MARCKS protein with DPPC/PIP(2) monolayers,

MIPP 2007 Membrane Interacting Peptides and Proteins, International Bunsen Discussion
Meeting, Halle, Germany, March 28.-31, 2007, poster

J.-P. Embs
Dynamics of RTILs by Means of QENS,
1% SPP 1191 workshop, Bamberg, Germany, June 30 — July 5, 2007, talk

J.-P. Embs

Measuring the anomalous dispersion branch of surface waves on ferrofluids,

Universitat Bayreuth, Kolloquium Forschergruppe 608 (Nichtlineare Dynamik komplexer
Kontinua), Bayreuth, Germany, June 12, 2007, talk

J.-P. Embs

Measuring the anomalous dispersion branch of surface waves on ferrofluids,

27" Dynamics Days Europe Loughborough University / University of Nottingham, Nottingham,
U.K., July 9-13, 2007, talk

J.-P. Embs
Dynamics of RTILs by Means of QENS,
1% Annual Meeting of the SPP 1191, Bamberg, Germany, December 12-14, 2007 talk

J.-P. Embs

Neutron and X-ray methods for the characterization of solid oxide fuel cell materials, cells,
and stacks,

Swiss Physical Society - Annual Meeting 2007, University of Zurich, Zurich, Switzerland,
February 20-21, 2007, poster

J.-P. Embs
Dynamics of RTILs by means of QENS,
1% SPP 1191 workshop, Bamberg, Germany, June 30 — July 5, 2007, poster

J.-P. Embs

QENS measurements on N-alkyl-N-methylpyrrolidinium bis(trifluoromethanesulfonyl)imide
ionic liquids,

ECNS 2007 - 4" European Conference on Neutron Scattering, Lund, Sweden, June 25-29,
2007, poster

J.-P. Embs

Dynamics of hemoglobin and water in human red blood cells and concentrated hemoglobin
solutions,

European Biophysics Congress, London, U.K., July 14 — 19, 2007, poster

J.-P. Embs

Dynamics of RTILs by Means of QENS,
1% Annual Meeting of the SPP 1191, Bamberg, Germany, December 12-14, 2007, poster
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U. Gasser, D. Reinke, H. Stark, H.-H. von Griinberg, A.B. Schofield, G. Maret
Non-central forces in crystals of charged colloids,

ECIS 2007, 21 Conferernce of the European Colloid and Interface Society, Geneva,
Switzerland, September 10-14 2007, talk

U. Gasser, D. Reinke, H. Stark, H.-H. von Griinberg, A.B. Schofield, G. Maret

Non-central forces in crystals of charged colloids, Soft, complex and Biological Matter,
Satellite Conference of IUPAP Statphys 23, Citta del Mare, Terrasini, Sicily, Italy, July 15-19,
2007 poster

J.L. Gavilano, Y. Kawasaki, B. Roessli, D. Andreica, E. Pomjakushina, K. Conder, H.R. Ott
muSR studies of the series CePd,.FeIn at low temperatures,
muSR Users Meeting, PSI, Villigen, Switzerland, January 23-24 2007, talk

J.L. Gavilano, Y. Kawasaki, L. Keller, B. Roessli, N. Christensen, J. Schefer, T. Ohno, Z. He,
Y. Ueda and M. Itoh

Neutron Scattermg Studies of Ba,V,Co0g

ECNS 2007 - 4™ European Conference on Neutron Scattering, Lund, Sweden, June 25-29,
2007, poster

S. N. Gvasaliya, B. Roessli 2, R.A. Cowley 3, S. Kojima, S. Lushnikov, G. -M. Rotaru
Neutron Scatter/ng Studies of the Phase Transitions in (1-x) PMN-xPT Relaxor Ferroelectrics,
ECNS 2007 - 4" European Conference on Neutron Scattering, Lund, Sweden, June 25-29,
2007, poster

S.N. Gvasaliya, B. Roessli, R.A. Cowley, S. Kojima and S.G. Lushnikov
Neﬂe/tron Scattering Study of the (1-x)PMN-xPT Relaxor Ferro-electrics,

11 European Meeting on Ferroelectricity, Bled, Slovenia, September 3-7, 2007, talk

S.N. Gvasaliya, B. Roessli, R.A. Cowley, S. Kojima, S.G. Lushnikov, and G. Rotaru
Neutron scatterlng studies of the phase transitions in (1-x)PMN-xPT relaxor ferroelectrics,
ECNS 2007 - 4" European Conference on Neutron Scattering, Lund, Sweden, June 25-29,
2007, poster

T. Gutberlet, F. Juranyi

Hydration dependent dynamics in model membrane systems,

ECNS 2007 - 4™ European Conference on Neutron Scattering, Lund, Sweden, June 25-29,
2007, poster

T. Gutberlet, K. Wojciechowski, A. Tikhonov, M. Schlossman, J. Buffle

X-ray reflectivity study of the adsorption of azacrown ethers and palmitic acid at the hexane-
water interface,

71. Jahrestagung der Deutschen Physikalischen Gesellschaft, Regensburg, Germany, March
26-30, 2007, talk

T. Gutberlet, K. Wojciechowski, A. Tikhonov, M. Schlossman, J. Buffle

X-ray reflectivity study of the adsorption of azacrown ethers and palmitic acid at the hexane-
water interface,

Int. Workshop on Scattering on Liquid-Liquid Interfaces, Rodvig, Denmark, June 22-24, 2007,
talk

A.R. Hillman, M.A. Mohamoud, A. Glidle, T. Gutberlet

Use of in situ neutron reflectivity-derived solvent profiles in polyaniline films to interpret
VIscoeIastlc phenomena,

58" Annual Meeting of the International Society of Electrochemistry, Banff, Canada,
September 09.-14, 2007 poster

J. Hoppeler

Giant modulation of the magnetic profile in Yy ¢Pro.4sBa>Cus0-/Bay;Ca4sMnO3 superlattices,
PhD-seminar LNS, Nov. 8, 2007, talk
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J.Hoppeler

Magnetic induction profile in perovskite superconductor / ferromagnet multilayers,

Swiss Physical Society - Annual Meeting 2007, University of Zurich, Zurich, Switzerland,
February 20-21, 2007, poster

J.Hoppeler

Superconductivity-induced modulation of the magnetisation profile in
Yo.6Pro.4Ba,Cu307/La,;sCaqsMnO; superlattices,

MaNEP Swiss Workshop on Materials with Novel Electronic Properties, Les Diablerets,
Switzerland, September 20-28, 2007, poster

P. Huber, T. Blattler, M. Textor, W. Leitenberger, U. Pietsch, and Th.Geue
Template-directed formation of ordered colloidal assemblies, LB12,

12" International Conference on Organiced Molecular Films, Krakow, Poland, July 1-5, 2007,
poster

P. Huber, T. Blattler, M. Textor, W. Leitenberger, U. Pietsch, and Th. Geue
Template-directed formation of ordered colloidal assemblies,

ECIS 2007, 21 Conference of the European Colloid and Interface Society, Geneva,
Switzerland, September 10-14, 2007, poster

P. Huber, Th. Geue

X-ray scattering on ordered colloidal assemblies, 7" Autumn School on X-ray scattering from
surfaces and thin layers,

Smolenice, Slovakia, October 4-6, 2007, talk

P. Huber, Th. Geue
X-ray scattering on ordered colloidal assemblies, SLS Symposium on complex fluids,
PSI, Villigen, Switzerland, December 04, 2007, talk

X. Jiang, T. Gutberlet, M. Gupta, T. Geue, T. Thurn-Albrecht

Electric field effects on alignment of lamellar structures in diblock copolymer thin films studied
by neutron scattering,

71. Jahrestagung der Deutschen Physikalischen Gesellschaft, Regensburg, Germany, March
26.-30, 2007, poster

T. Kaltofen, T. Gutberlet,.M. Wolff, R. Steitz, R. Dahint

Investigation of lubrication in natural joints by neutron reflectometry,

1. Jahrestagung der Deutschen Physikalischen Gesellschaft, Regensburg, Germany, March,
26.-30, 2007, poster

Y. Kawasaki, J.L. Gavilano, B. Roessli, D. Andreica, E. Pomjakushina, K. Conder, H.R. Ott
USR studies of CePd,In at low temperatures,

Yamada Conference LXI, Spectroscopy in Novel Superconductors, Sendai, Japan, August
20-24, 2007, poster

L. Keller and U. Filges

Upgrade of the diffractometer DMC at SINQ: Monte Carlo simulations as a tool for design and
optimization,

ECNS 2007 - 4" European Conference on Neutron Scattering, Lund, Sweden, June 25-29,
2007, poster

C. Kramer, H. M. Rgnnow, J. Mesot, P. Link, A. Schneidewind, T. Unruh, T.F. Rosenbaum, G.
Aeppli, and J. Jensen

Quantum Phase Transition of a Magnet in a Spinbath MaNEP Swiss Workshop on Materials
with Novel Electronic Propetties,

Les Diablerets, Switzerland, September 20-28, 2007, poster

SJ014/24/2008 Page 20 of 48



C. Kramer, H.M.Rgnnow, J.Mesot, K.Kiefer, K.Prokes, A.Podlesnyak, T.Strassle, O.Zaharko
Magnetic Properties of LiErF, Swiss Physical Society - Annual Meeting 2007,
University of Zurich, Zurich, Switzerland, February 20-21, 2007, talk

C.Kramer, H.M.Ragnnow, J.Mesot, P.Link, A.Schneidewind, T.Unruh, T.F.Rosenbaum,
G.Aeppli, J.Jensen

Quantum phase transition of a magnet in a spinbath, Correlated Electron Materials,
6" PSI Summer School on Condensed Matter Research, August 13-19, 2007, Zuoz,
Switzerland, poster

C. Landee, F. Xiao , M. Turnbull, N. Tsyrulin , M. Kenzelmann , H. Van Tol
Field dependent ordering temperature in copper pyrazine perchlorate, Cu(pz),(CIQOy),,
American Physical Society Meeting; Denver, Colorado, USA; March 6, 2007, talk

M. Meven, J.Schefer, M.Janoschek, V.Pomjakushin, P.Fischer, D.Sheptyakov, L.Keller,
B.Roessli, G.Petrakovskii, L.Bezmaternikh, C.Temerov, D.Velikanov

Simultaneous antiferromagnetic Fe®* and Na®* ordering in NdFe; (''BO;), investigated by
single crystal neutron diffraction,

1% FRM-II User Meeting, Garching, Germany, October 30, 2007, talk

C. Niedermayer, H. E. Mohottala, B.O. Wells, J. I. Budnick, W.A. Hines, L. Udby, C. Bernhard
Electronic phase separation in Lap_ySryCuOg+y,

Swiss Workshop on Materials with Novel Electronic Properties Les Diableret, Switzerland,
September 28-30, 2007, poster

V. Pomjakushin, A. Furrer, L. Keller, D. Sheptyakov, E.Pomjakushina, K.Conder

Crystal and magnetic structure of novel quantum spin-trimer compounds, CasCu3Ni,(PO,)4 a
neutron diffraction study,

ECNS 2007 - 4" European Conference on Neutron Scattering, Lund, Sweden, June 25-29,
2007, poster

E. Pomjakushina, K. Conder, M.Stingaciu A. Podlesnyak

Layered and cubic cobaltites crystal growth, structural, magnetic and transport properties
investigation,

2007 Swiss Workshop on Materials with Novel Electronic Properties, Les Diablerets,
Switzerland, September 28-30, 2007, poster

K. Prsa
The excitation spectrum of Cu,Te,O5X, (X=CI, Br),
NUM PhD Student’s Seminar, PSI, Villigen, Switzerland, September 6, 2007, talk

K. Prsa, O. Zaharko, H. M. Rgnnow, M. Jimenez-Ruiz, J. J. Chang, N. B. Christensen, H.
Berger and J. Mesot

Temperature evolution of the magnetic excitations in the coupled cu* (S = 1/2) tetrahedra
system Cu,Te,0sX5 (X=CI, Br),

ECNS 2007 - 4™ European Conference on Neutron Scattering, Lund, Sweden, June 25-29,
2007, poster

J. Rasch

Magnetic properties of 2D layered compounds,

10™ Oxford School on Neutron Scattering, United Kingdom. University of Oxford, September
4-14, 2007, talk

J. Rasch
Neutron diffraction studies of layered compounds,
ETH Zurich, Materials Science Seminar, November 5, 2007, talk

J. Rasch

Magnetisation dynamics investigated by inelastic neutron scattering,
ILL Student Lectures Fall 2007, ILL Grenoble, France, December 18, 2007, talk

SJ014/24/2008 Page 21 of 48



J. Rasch, M. Boehm, J. Schefer, L. Keller, G.M. Abramova, V.V. Sokolov and G.A.
PetrakovsKii

Magnetic Properties of the 2D Intercalated Disulfide CuCrS,

MRS Fall Meeting, November 26-30, Boston, USA, poster

J. Rasch, M. Boehm, J. Schefer, L. Keller, G.M. Abramova, V.V. Sokolov and G.A.
Petrakovskii

Magnetic properties of the 2D interculated disulfide CuCrS,,

2007 Swiss Workshop on Materials with Novel Electronic Properties, Les Diablerets,
Switzerland, September 28-30, 2007, poster

J. Rasch, M. Boehm, J. Schefer, L. Keller, G.M. Abramova, V.V. Sokolov and G.A.
Petrakovskii

Magnetic properties of the 2D intercalated disulfide CuCrS;,

Correlated Electron Materials, 6" PSI Summer School on Condensed Matter Research,
August 13-19, 2007, Zuoz, Switzerland, poster

G. -M. Rotaru, S. N. Gvasaliya, V. Pomjakushin, B. Roessli, Th. Strassle, S. G. Lushnikov, T.
A. Shaplygina, and P. Gunter

Neutron diffraction study of PbMg;3Nb,30zunder high pressures,

Swiss Physical Society - Annual Meeting 2007, University of Zurich, Zurich, Switzerland,
February 20-21, 2007, talk

G. M. Rotaru, S.N. Gvasaliya, V. Pomjakushin, B. Roessli, Th. Strassle, S.G. Lushnikov, T.A.
Shaplygina, and P. Giinter

Neutron study of atomic displacements in PbMg,;sNb,,;;03 under high pressures,

ECNS 2007 - 4" European Conference on Neutron Scattering, Lund, Sweden, June 25-29,
2007, poster

Y.Sassa, A. Bendounan, S. Pailhes, L. Patthey, J. Mesot

Pulsed Laser deposition of thin superconducting films for ARPES measurements,
MaNEP Swiss Workshop on Materials with Novel Electronic Properties, Les Diablerets,
Switzerland, September 20-28, 2007, poster

J.Schefer, M.Janoschek, V.Pomjakushin, P.Fischer, D.Sheptyakov, L.Keller, B.Roessli,
G.Petrakovskii, L.Bezmaternik, V.Temerov, D.Velikanov

Simultaneous antiferromagnetic Fe>* and Nd®* ordering in NdFes(''BO;),investiged by single
crystal neutron diffraction,

24" European Crystallographic Meeting, Marrakech, Morocco, August 22-27, 2007, talk

M. Schneider
Muiltilayers for Neutron Optics and Actively Shielded Magnet for Scattering Methods,
Internal Workshop MaNEP, Neuchatel, January 23, 2007, talk

M. Schneider
Polarizing multilayers for neutron optics,
Internal Workshop MaNEP, Geneva, Switzerland, June 14, 2007, talk

M. Schneider

Polarizing Neutron reflectivity and magnetic properties of FeCoV/TiN, supermirrors,

Swiss Workshop on Materials with Novel Electronic Properties ‘07, September 20-28., 2007,
Les Diablerets, Switzerland, talk

G. Schuck, J. Karpinski, Z. Bukowski, D. Chernyshov

Temperature dependent structural studies of beta-pyrochlore KOs, single crystals,
Jahrestagung der Deutsche Gesellschaft fur Kristallographie 2007, Bremen, Germany, March,
5-9, 2007, poster
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M. Schneider

Polarized neutron reflectivity and magnetic properties of FeCoV/TiN, supermirrors,
European Workshop on Neutron Optics NOP '07, March 5.-7. 2007, Villigen, Switzerland.,
poster

M. Schneider

Multilayer monochromators devoid of selected higher orders,

ECNS 2007 - 4™ European Conference on Neutron Scattering, Lund, Sweden, June 25-29,
2007, poster

G. Schuck, S. Haas, U. Berens and H.-J. Kirner

Cr%/stal structures of two rubrene derivatives

24" European Crystallographic Meeting, European, Crystallographic Association, Marrakech,
Morocco, August 22-27, 2007, poster

J. Stahn, T. Gutberlet

Full polarization analysis at the time-of-flight neutron reflectometer AMOR at SINQ/PSI,
ECNS 2007 - 4™ European Conference on Neutron Scattering, Lund, Sweden, June 25-29,
2007, poster

Th. Strassle

Experimental evidence for a cross-over between two distinct mechanisms of amorphization in
ice Ih under pressure,

Joint 215 AIRAPT and 45" EHPRG International Conference on High Pressure Science and
Technology, Catania, ltaly, September 17-21, 2007, talk

B. Thielemann, Ch. Riegg, H. M. Rannow, D. F. McMorrow, J. Mesot, K. W. Kramer, D.
Biner, H.-U. Gidel, J. Stahn, S. Gvasaliya, K. Habicht, M. Boehm

Magnetic excitations in spin-ladder compounds,

Swiss Physical Society - Annual Meeting 2007, University of Zurich, Zurich, Switzerland,
February 20-21, 2007, talk

B. Thielemann, Ch. Riiegg, H. M. Rgnnow, D. F. McMorrow, J. Mesot, K. W. Kramer, D.
Biner, H.-U. Gidel, K. Kiefer, J. Stahn, S. Gvasaliya, K. Habicht, M. Boehm and B. Grenier
Continuous spin-excitation spectrum in the Luttinger-liquid phase of a novel spin-ladder,
Correlated Electron Materials,

6" PSI Summer School on Condensed Matter Research, August 13-19, 2007, Zuoz,
Switzerland, poster

B. Thielemann, Ch. Riegg, H. M. Rgnnow, J. Mesot, D. F. McMorrow, K. W. Kramer, D.
Biner, H.-U. Gudel, K. Kiefer, J. Stahn, S. Gvasaliya, K. Habicht and M. Boehm
Continuous spin-excitation spectrum in a novel spin-ladder,

ECNS 2007 - 4" European Conference on Neutron Scattering, Lund, Sweden, June 25-29,
2007, talk

B. Thielemann, Ch. Riegg, H. M. Rgnnow, J. Mesot, D. F. McMorrow, K. W. Kramer, D.
Biner, H.-U. Gudel, K. Kiefer, J. Stahn, S. Gvasaliya, K. Habicht, M. Boehm and B. Grenier
Continuous spin-excitation spectrum in a novel spin-ladder,

MaNEP Swiss Workshop on Materials with Novel Electronic Properties, Les Diablerets,
Switzerland, September 20-28, 2007, talk

M. Weller, J. L. Gavilano, A. Sacchetti and H. R. Ott

Low temperature NMR study of CeAl; under hydrostatic pressure,

The International Conference on Strongly Correlated Electron Systems SCESO07, Houston,
USA, May 13-18, 2007, poster

M. Zayed

Quantum phase transition(s) in Shastry-Sutherland compound,

Workshop on the Physics of Complex Systems, EPFL, Lausanne, Switzerland, March 17,
2007, talk
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M. Zayed, Ch. Ruegg, H. Rennow, E. Pomjakushina, M. Stingaciu, C. Kazimierz, Th.
Strassle, G. Hamel, S. Klotz, A. Lauechli, V. Pomjakushin, A. Schneidewind, P. Link, M.
Holzel and M. Jimenez-Ruiz

Pressure induced quantum phase transition in SrCu,(BOj),,

ECNS 2007 - 4" European Conference on Neutron Scattering, Lund, Sweden, June 25-29,
2007, poster

M. Zayed

Pressure and phase transitions in Shastry-Sutherland compound SrCu,(BOs),

MaNEP Swiss Workshop on Materials with Novel Electronic Properties, Les Diablerets,
Switzerland, September 20-28, 2007, poster

O. Zaharko, J. Mesot, K. Kiefer, B. Klemke, R. Valenti, A. Salgero, M. Myskiv
Magnetism in delocalized electron isolated tetrahedral system Cu,OClIgL
International Symposium on Crystalline Organic Metals, Superconductors and
FerromagnetsPeniscola, Spain, 24-29 September 2007, poster

O. Zaharko, J. Mesot, Y. Filinchuk, K. Kiefer, B. Klemke, M. Myskiv

Magnetic exchange in isolated tetrahedral system Cu,OClg(diallylcyanamide),,

Workshop on Highly Frustrated Magnets and Strongly Correlated Systems, Trieste, Italy, 13-
16 August 2007, talk

LECTURES AND COURSES

A. Cervellino

Neutron Diffraction in Materials Science

University of Trento, Italy, Department of Material Engineering and Industrial
Technologies Via Mesiano 77, 1-38050 TRENTO Cycle of Seminars, February 12-16,
2007, 6 hours

N.Christensen

Neutron Spectroscopy 1

Correlated Electron Materials 6th PSI Summer School on Condensed Matter
Research, 1 hour lecture

J.Gavilano

Experimental Studies of Some Strongly Correlated Electron Systems
Institut of Physics, University of Augsburg, Germany

Date: 17 July 2007

T.Gutberlet

Int.School for Scattering for Biologists
Villigen PSI, Switzerland, 23.-26.10.2007
6 Tutorials, each 2.5h

J. Mesot

¢ Neutronenstreuung in der Festkoérperphysik | ETH Zirich, WS 2007
e Neutronenstreuung in der Festkérperphysik Il ETH Zirich, SS 2007
e ETH Zirich, Seminars WS 2007

e ETH Zirich, Seminars SS 2007

K.Prsa

Neutron Scattering in Solid State Physics

e ETH Zirich, Summer Semester, 2006/07, part 2.

e The Abdus Salam International Centre for Theoretical Physics, 2007, School and
Workshop on Highly Frustrated Magnets and Strongly Correlated Systems.

SJ014/24/2008 Page 24 of 48



J.Schefer
Erasmus Mundus-Mamaself: Magnetic Structure Determination with Neutrons
(28.09.2007, 5 hours), University Rennes 1, France

Th.Strassle

Practical ‘Inelastic Neutron Scattering’ (2 days) within the ‘International School for
“Scattering for Biologists” (MCRT/BIOCONTROL), Villigen PSI, Switzerland, October
23 26, 2007.

B.Thielmann
Teaching assistent for the following courses at ETH Zurich: Physik 1 & 2 fir Physiker,
Prof. Dissertori, Physik 1 fliir Maschinenbauer, Prof.Degiorgi

P. Tregenna-Piggot

e University of Bern: September to December 2007. 24 x 1 hour lectures,
“Introduction to IDL”

Invited Lectures:

e Copenhagen, Denmark: September 2007, “Introducing the Inverted-Geometry
time-of-flight instrument, MARS, at SINQ”

e Lund Sweden: June 2007, “Introducing the Inverted-Geometry time-of-flight
instrument, MARS, at SINQ”

M. Zayed

School and Workhop on Highly Frustrated Magnets and Strongly Correlated Systems.
Abus Salam International Center for Theoretical Physics.Trieste July- August 2007

AWARDS / NOMINATIONS

Joél Mesot
Chairman of the internal PSI| FoKo

Henrik Ronnow
"Tenure-Track" Professor at EPFL
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Condensed Matter Research with Neutrons and
Muons

Spallation Neutron Source Division

LIST OF PUBLICATIONS (PEER REVIEWED)

Alam MK, Khan MA, Lehmann EH, Vontobel P

Study of the water uptake and internal defects of jute-reinforced polymer composites with a
digital neutron radiography technique

JOURNAL OF APPLIED POLYMER SCIENCE 105, 1958 (2007)

Atchison F, Blau B, Bodek K, van den Brandt B, Brys T, Daum M, Fierlinger P, Frei A,
Geltenbort P, Hautle P, Henneck R, Heule S, Holley A, Kasprzak M, Kirch K, Knecht A,
Konter J, Kuzniak M, Liu C, Morris C, Pichlmaier A, Plonka C, Pokotilovski Y, Saunders A,
Shin 'Y, Tortorella D, Wohlmuther M, Young A, Zejma J, Zsigmond G

Cold Neutron Energy Dependent Production of Ultracold Neutrons in Solid Deuterium
PHYSICAL REVIEW LETTERS 99, 262502 (2007)

Atchison F, Blau B, Daum M, Fierlinger P, Geltenbort P, Gupta M, Henneck R, Heule S,
Kasprzak M, Knecht A, Kuzniak M, Kirch K, Meier M, Pichimaier A, Reiser R, Theiler B,
Zimmer O, Zsigmond G

Measurement of the Fermi potential of diamond-like carbon and other materials
NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION B-BEAM
INTERACTIONS WITH MATERIALS AND ATOMS 260 , 647 (2007)

Bleuel M, Lang E, Krist T, Wagner W, Lal J
SANSPOL at a pulsed source
PHYSICA B-CONDENSED MATTER 397, 85 (2007)

Brandl C, Bitzek E, Derlet PM, Van Swygenhoven H
Slip transfer through a general high angle grain boundary in nanocrystalline aluminum
APPLIED PHYSICS LETTERS 91, 111914 (2007)

Brandl C, Derlet PM, Van Swygenhoven H
General-stacking-fault energies in highly strained metallic environments: Ab initio calculations
PHYSICAL REVIEW B 76, 054124 (2007)

Carminati A, Kaestner A, Fluehler H, Lehmann E, Stampanoni M
Hydraulic contacts controlling water flow across porous grains
PHYSICAL REVIEW E 76, 026311 (2007)

Carminati A, Kaestner A, Hassanein R, Ippisch O, Vontobel P, Fluhler H
Infiltration through series of soil aggregates: Neutron radiography and modeling
ADVANCES IN WATER RESOURCES 30, 1168 (2007)

Carminati A, Kaestner A, Ippisch O, Koliji A, Lehmann P, Hassanein R, Vontobel P, Lehmann
E, Laloui L, Vulliet L, Fluhler H

Water flow between soil aggregates

TRANSPORT IN POROUS MEDIA 68, 219 (2007)

Cnudde V, Dierick M, Vlassenbroekc J, Masschaele B, Lehmann E, Jacobs P, Hoorebeke LV
Determination of the impregnation depth of siloxanes and ethyilsilicates in porous material by
neutron radiography

JOURNAL OF CULTURAL HERITAGE 8, 331 (2007)
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Derlet PM, Dudarev SL
Million-atom molecular dynamics simulations of magnetic iron
PROGRESS IN MATERIALS SCIENCE 52, 299 (2007)

Derlet PM, Nguyen-Manh D, Dudarev SL
Multiscale modeling of crowdion and vacancy defects in body-centered-cubic transition metals
PHYSICAL REVIEW B 76, 054107 (2007)

Dudarev SL, Derlet PM
Molecular dynamics modelling of radiation defects in ferromagnetic alpha-iron
JOURNAL OF NUCLEAR MATERIALS 367, 251 (2007)

Dudarev SL, Derlet PM
A 'magnetic’ interatomic potential for molecular dynamics simulations (vol 17, pg 7097, 2006)
JOURNAL OF PHYSICS-CONDENSED MATTER 19, 239001 (2007)

Dudarev SL, Derlet PM, Woo CH

Driven mobility of self-interstitial defects under electron irradiation

NUCLEAR INSTRUMENTS & ; METHODS IN PHYSICS RESEARCH SECTION B-BEAM
INTERACTIONS WITH MATERIALS AND ATOMS 256, 253 (2007)

Ferrando V, Pallecchi |, Tarantini C, Marre D, Putti M, Ferdeghini C, Gatti F, Aebersold HU,
Lehmann E, Haanappel E, Sheikin I, Orgiani P, Xi XX

Systematic study of disorder induced by neutron irradiation in MgB2 thin films

JOURNAL OF APPLIED PHYSICS 101, 043903 (2007)

Ferrando V, Pallecchi |, Tarantini C, Putti M, Aebersold HU, Lehmann E, Orgiani P, Tumino A,
Xi XX, Ferdeghini C

Effects of neutron irradiation on magnesium diboride thin films

IEEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY 17, 2858 (2007)

Glasbrenner H, Groeschel F
Liquid metal compatibility under irradiation: The LiSoR 5 experiment
JOURNAL OF NUCLEAR MATERIALS 367, 1590 (2007)

Grinzweig C, Frei G, Lehmann E, Kiihne G, David C

Highly absorbing gadolinium test device to characterize the performance of neutron imaging
detector systems

REVIEW OF SCIENTIFIC INSTRUMENTS 78, 053708 (2007)

Ivanov S, Platacis E, Flerov A, Zik A, Ming P, Groeschel F, Dementjev S

Experience of Calculation, Design, Fabrication and Testing of the electromagnetic Pump
System for the MEGAPIE Target

MAGNETOHYDRODYNAMICS 42, 2 (2007)

Kaestner A, Hassanein R, Vontobel P, Lehmann P, Schaap J, Lehmann E, Fluehler H
Mapping the 3D water dynamics in heterogeneous sands using thermal neutrons
CHEMICAL ENGINEERING JOURNAL 130, 79 (2007)

Kockelmann W, Frei G, Lehmann EH, Vontobel P, Santisteban JR

Energy-selective neutron transmission imaging at a pulsed source

NUCLEAR INSTRUMENTS & ; METHODS IN PHYSICS RESEARCH SECTION A-
ACCELERATORS SPECTROMETERS DETECTORS AND ASSOCIATED EQUIPMENT 578,
421 (2007)

Lehmann EH, Frei G, Kiihne G, Boillat P

The micro-setup for neutron imaging: A major step forward to improve the spatial resolution
NUCLEAR INSTRUMENTS & ; METHODS IN PHYSICS RESEARCH SECTION A-
ACCELERATORS SPECTROMETERS DETECTORS AND ASSOCIATED EQUIPMENT 576,
389 (2007)
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Lehmann EH, Vontobel P, Frei G

The non-destructive study of museums objects by means of neutrons imaging methods and
results of investigations

NUOVO CIMENTO DELLA SOCIETA ITALIANA DI FISICA C-GEOPHYSICS AND SPACE
PHYSICS 30, 93 (2007)

Maass R, Van Petegem S, Grolimund D, Van Swygenhoven H, Uchic MD
A strong micropillar containing a low angle grain boundary
APPLIED PHYSICS LETTERS 91, 131909 (2007)

Maass R, Van Petegem S, Van Swygenhoven H, Derlet PM, Volkert CA, Grolimund D
Time-resolved laue diffraction of deforming micropillars
PHYSICAL REVIEW LETTERS 99, 145505 (2007)

Mannes D, Lehmann E, Cherubini P, Niemz P

Neutron imaging versus standard X-ray densitometry as method to measure tree-ring wood
density

TREES-STRUCTURE AND FUNCTION 21, 605 (2007)

Menon M, Robinson B, Oswald SE, Kaestner A, Abbaspour KC, Lehmann E, Schulin R
Visualization of root growth in heterogeneously contaminated soil using neutron radiography
EUROPEAN JOURNAL OF SOIL SCIENCE 58, 802 (2007)

Patorski J, Groeschel F

Investigation of the proton beam entry window cooling of liquid metal target of a spallation
neutron source using infrared thermography

PROCEEDINGS OF THE SPIE - THE INTERNATIONAL SOCIETY FOR OPTICAL
ENGINEERING 6541, 65410C-1 (2007)

Smith BL, Leung W, Zucchini A
Coupled fluid/structure analyses of the MEGAPIE spallation source target during transients
NUCLEAR ENGINEERING AND DESIGN 237, 1656 (2007)

Tarantini C, Aebersold HU, Bernini C, Braccini V, Ferdeghini C, Gambardella U, Lehmann E,
Manfrinetti P, Palenzona A, Pallecchi |, Vignolo M, Putti M

Neutron irradiation on MgB2

PHYSICA C-SUPERCONDUCTIVITY AND ITS APPLICATIONS 463, 211 (2007)

Tarantini C, Affronte M, Ferdeghini C, Manfrinetti P, Braccini V, Lehmann E, Putti M
Observation of the gap merging in neutron irradiated MgB2
PHYSICA C-SUPERCONDUCTIVITY AND ITS APPLICATIONS 460, 560 (2007)

Thilly L, Renault PO, Van Petegem S, Brandstetter S, Schmitt B, Van Swygenhoven H, Vidal
V, Lecouturier F

Evidence of internal Bauschinger test in nanocomposite wires during in situ macroscopic
tensile cycling under synchrotron beam.

APPLIED PHYSICS LETTERS 90, 241907 (2007)

Thomsen K

VIMQOS, near-target beam diagnostics for MEGAPIE

NUCLEAR INSTRUMENTS & ; METHODS IN PHYSICS RESEARCH SECTION A-
ACCELERATORS SPECTROMETERS DETECTORS AND ASSOCIATED EQUIPMENT 575,
347 (2007)

Thomsen K

A compound target concept for pulsed spallation sources

NUCLEAR INSTRUMENTS & ; METHODS IN PHYSICS RESEARCH SECTION A-
ACCELERATORS SPECTROMETERS DETECTORS AND ASSOCIATED EQUIPMENT 580,
1597 (2007)
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Van Zwol P, Derlet PM, Van Swygenhoven H, Dudarev SL
BCCFe surface and cluster magnetism using a magnetic potential
SURFACE SCIENCE 601, 3512 (2007)

Van Swygenhoven H, Hasnaoui A, Derlet P

Nanoindentation in nanocrystalline metallic layers: a molecular dynamics study on size effects
NANOSTRUCTURED COATING, ED. A. CAVALEIRO AND J. TH. M. DE HOSSON,
SPRINGER, 109-139 (2007)

Vidal V, Thilly L, Van petegem S, Stuhr U, Lecouturier F, Renault PO, Van Swygenhoven H
Size Effect in the Plasticity of Multiscale Nanofilamentary Cu/Nb Composite Wires During in-
situ Tensile Tests Under Neutron Beam

MATERIALS RESEARCH SOCIETY SYMPOSIUM PROCEEDINGS 977, 0977-FF07-07-
EE07-07 (2007)

Wagner W, Dai Y, Glasbrenner H, Aebersold HU
Materials irradiation facilities at the high-power Swiss proton accelerator complex
JOURNAL OF NUCLEAR MATERIALS 361, 274 (2007)

LIST OF PUBLICATIONS

F. Groeschel, S. Dementjev, H. Heyck, W. Leung, K. Thomsen, W. Wagner, L. Zanini
MEGAPIE — Irradiation Experience of the First Megawatt Liquid Metal Spallation Target

5th Workshop on the Utilization and Reliability of High Power Proton Accelerators, Mol,
Belgium, May 6-9, 2007

J.A. Patorski, F. Groeschel

“Investigation of the proton beam entry window cooling of liquid metal target of a spallation
neutron source using infrared thermography”

2007, April, Proceedings of SPIE, Thermosense XXIX, Volume 6541, ISBN 9780819466631
Bellingham, Washington, USA

J.A. Patorski, F. Groeschel

“Measurement of Heat Transfer Coefficient for a Proton Beam Entry Window of a Liquid Metal
Target”

2007, September, Proceedings of the 5" BHTC, Baltic Heat Transfer Conference, Advances
in Heat Transfer, Saint Petersburg State Polytechnical University, ISBN 5-7422-1592-4

Knud Thomsen
He cooled target for neutron production at SINQ
PSI-Proc. 07-01, 3rd High power Targetry Workshop, Bad Zurzach, September 2007

Knud Thomsen
Influence of beam foot print on neutron production in SINQ
PSI-Proc. 07-01, 3rd High power Targetry Workshop, Bad Zurzach, September 2007

W. Wagner, F. Groeschel, K. Thomsen and H. Heyck
MEGAPIE at SINQ — the First Liquid Metal Target Driven by a Megawatt Class Proton Beam
Swiss Neutron News 30 (2007)

W. Wagner, F. Groeschel, K. Thomsen, H. Heyck and K. Clausen

Megapie at PSI — the First Liquid Metal Target Driven by a Megawatt Class Proton Beam
Neutron News 18, 35 (2007)
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W. Wagner
PSI’s Experience with High Power Target design and operation
PSI-Proc. 07-01, 3rd High power Targetry Workshop, Bad Zurzach, September 2007

L. Zanini

Neutronics of a tungsten target as a future option for SINQ.
PSI-Proc. 07-01, 3rd High power Targetry Workshop, Bad Zurzach, September 2007

BOOK CHAPTERS

L. Zanini

Measurement of gas and volatile elements production rates in a proton-irradiated molten lead-
bismuth target in the ISOLDE facility

in Handbook on Lead-Bismuth eutectic Alloy and Lead Properties, Materials Compatibility,
Thermal-hydraulics and Technologies, Nuclear Energy Agency, OECD 2007 ISBN 978-92-64-
99002-9, p. 216-224.

INVITED TALKS

G. Benamati, S. De Grandis, C. Foletti, H. Ait Abderrahim, A. Al Mazouzi, D. Briceno, C.
Fazio, J. Konys, R. Stieglitz, D. Gorse, F. Groeschel, C. Latge

VELLA Project: An initiative to create a common European research are on lead technologies
for nuclear applications

ENC 2007

Y. Dai

Surface inspection of structural materials in the targets of Swiss Spallation Neutron Source
after exposure to high proton and neutron fluences in different environments

IAEA Technical Meeting on lon Beam Induced Changes to the Surface Morphology of
Materials University of Surrey, Guildford, UK, 13-16.03.2007.

Yong Dai
Present Status of the SINQ Target Irradiation Program (STIP)
ICANS-18, Dongguan, China, April 26-29, 2007

Y. Dai

An overview of mechanical properties and microstructure of ferritic / martensitic steels after
irradiation in SINQ targets

OECD NEA NSC Workshop on Structural Materials for Innovative Nuclear Systems (SMINS)
In co-operation with the IAEA, hosted by FZK, Karlsruhe 4-6 2007 .

Y. Dai
SINQ target irradiation program: its characteristics and applications
Euromat2007, Nurnberg, Germany, Sept 10-13, 2007

Y. Dai, G. Egeland, B. Long

The behaviors of structural materials after irradiation in SINQ targets

3rd High-Power Targetry Workshop to be held on September 10 — 14, 2007 in Bad Zurzach,
Switzerland

Y. Dai, B. Long, Z. Tong

Synergistic Effect of Radiation Damage and Helium on the Hardening and Embrittlement of
Ferritic / Martensitic Steels

13th Inter. Conf. on Fusion Reactor Materials (ICFRM-13), 10-14.12.2007, Nice, France
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L. Giller, U. Filges, G. Kiihne, M. Wohimuther, L. Zanini

Validation of MCNPX and McStas with measurements at the ICON beam-line at SINQ.
International Collaboration on Advanced Neutron Sources, ICANS-XVIII, China Spallation
Neutron Source, Beijing, China, April 26-29, 2007

E. Lehmann

Neutron imaging as tool for non-destructive analysis of museums objects and restoration
treatment

Harvard University Art Museum, Cambridge (USA), 13.10.2007

E. Lehmann
Neutronenradiographie als Alternative in der zerstérungsfreien Materialanalyse,
Industrieseminar der Firma Metzeler (Lindau, D), 21.06.2007

E. Lehmann
Neutron Imaging as advanced tool for material research and-non-destructive testing
Seminarvortrag MIT, 11.10.2007

E. Lehmann
Advances in neutron imaging
Industrial Seminar RAL, Abington (UK), 29.03.2007

B. Long, Y. Dai and F. Groeschel
Investigation of LBE Embrittlement Effects on the Fracture Properties of T91
4th Workshop on Materials for HLM-cooled Reactors and Related Technologies, Rome, Italy.

D. Mannes

Messung des Eindringens von Klebstoffen in Holz mit Neutronen und Synchrotronstrahlung
Zirich, CH September 24, ETH Kolloquium: Aktuelle Fragen der Holzforschung: Tendenzen
und Fortschritte auf dem Gebiet der Holzverklebung

Y. Tall, S. Cormon, M. Fallot, Y. Foucher, A. Guertin, T. Kirchner, L. Zanini, M. Andersson, K.
Berg, H. Franberg, F. Gréschel, E. Manfrin, W. Wagner, M. Wohimuther, P. Everaerts, U.
Koster, H. Ravn, E. Noah Messomo, C. Jost, and Y. Kojima

Volatile elements production rates in a proton-irradiated molten lead-bismuth target.
International conference on nuclear data for science and technology, ND2007, April 22-27,
Nice, France

Knud Thomsen
The ViMOS System — Beam on Target Imaging at PSI
Meeting on Beam Imaging for High Power Targets, Oak Ridge, October 4, 2007

W. Wagner
News from the Swiss High-power Proton Accelerator and Spallation Neutron Source Complex
Chinese Academy of Science, The Institute of Physics, Beijing, China, April 16, 2007

W. Wagner

Status and Development of the Swiss Spallation Source SINQ

ICANS-XVIII, International Collaboration on Advanced Neutron Sources, Dongguan,
Guangdong, China, April 25, 2007

W. Wagner
MEGAPIE at SINQ — the First Liquid Metal Target Driven by a Megawatt Class Proton Beam
ECNS, 4th European Conference on Neutron Scattering, Lund, Sweden, June 25-29, 2007

W. Wagner

Operational Experience with MEGAPIE, the First Liquid Metal Target Driven by a Megawatt
Class Proton Beam

Eighth International Topical Meeting on Nuclear Applications and Utilization of Accelerators,
AccApp’07, Pocatello, USA, July 30-August 2, 2007
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W. Wagner

Introduction to PSI User Facility & its Applications

3" International Symposium on the Characterization of Metals and Nanostructured Materials
by Neutron and X-ray Scattering, HANARO Center, KAERI, Korea, Nov. 20, 2007

L. Zanini, K. Berg, U. Filges, G. Kihne, M. Lithy, S. Scazzi, L. Tobler

Neutronic Performance of the MEGAPIE target.

Eighth International Topical Meeting on Nuclear Applications and Utilization of Accelerators,
ACCAPP’07, Pocatello, USA, July 30-August 2, 2007

CONFERENCE, WORKSHOP AND SEMINAR CONTRIBUTIONS

K. Berg, M. Luthy, H.U. Aebersold, L. Tobler, S. Scazzi, L. Zanini
Measurement of the neutron flux during MEGAPIE using activation foils.
MEGAPIE Technical Review Meeting, 17 April 2007

Y. Dai, G.W. Egeland, X. Jia, B. Long
Mechanical Properties and Microstructure of SS 316LN Irradiated up to 20 dpa
13th Inter. Conf. on Fusion Reactor Materials (ICFRM-13), 10-14.12.2007, Nice, France

G.W. Egeland, H. Zhang, H. Wang, Y. Dai

Precipitate Analysis of 9-12 % Cr Ferritic/Martensitic and ODS Steels Using the Carbon
Replica Technique

13th Inter. Conf. on Fusion Reactor Materials (ICFRM-13), 10-14.12.2007, Nice, France

U. Filges, L. Giller, G. Kiihne, M. Wohlmuther, L. Zanini,
Validation of Monte Carlo simulations with measurements at the ICON beam-line at SINQ.
MEGAPIE Technical Review Meeting, 17 April 2007

L. Giller, U. Filges, G. Kiihne, M. Wohlmuther, L. Zanini

Validation of MCNPX and McStas with measurements at the ICON beam-line at SINQ
ICANS-XVIII, 18th Meeting of the International Collaboration on Advanced Neutron Sources
April 25-29, 2007

G. Heidenreich, D. Kiselev, K. Thomsen, W. Wagner, M. Wohlmuther, L. Zanini,
Improvements of the SINQ solid target.

Third High-Power Targetry Workshop, September 10-14, 2007, Bad Zurzach, Switzerland.

C. Kharoua, Y. Kadi, R. Rocca, A. Herrera, M. Lindroos, F. Groeschel, K. Samec, L. Zanini,
M. Ashrafi-Nik, Luigi Tecchio, J. Freibergs, M. Gross, Y. Romanets

EURISOL-DS The MMW target.
Third High-Power Targetry Workshop, September 10-14, 2007, Bad Zurzach, Switzerland.

D. Mannes, E. Lehmann, P. Niemz

Tomographic investigations of wood from macroscopic to microscopic scale

15th International Symposium on Non-destructive Testing of Wood, Duluth, Minnesota.
September 9-12

B. M. Oliver, Y. Dai
Helium and hydrogen measurements on pure materials irradiated in SINQ Target — 4
13th Inter. Conf. on Fusion Reactor Materials (ICFRM-13), 10-14.12.2007, Nice, France

J.A. Patorski,

“The case M22B21V30 of MIT-KILOPIE target window cooling experiment
27" MEGAPIE Coordination Meeting for Work Packages X4/X6,
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2007, 21% March, PSI Paul Scherrer Institute, Villigen, Switzerland
J.A. Patorski,

“‘MIT-KILOPIE Beam Window Cooling Experiments

MEGAPIE, 8" TRM, Technical Review Meeting, FZK,

2007, 16-17 April, Karlsruhe, Germany

J.A. Patorski

“Retrospective 2000-2005 of experimental investigations of MEGAPIE target beam entrance
window cooling by using of IR Thermography”

3rd High-Power Targetry Workshop, at Paul Scherrer Institute PSI Switzerland,

2007, 10-14 September, Bad Zurzach, Switzerland

K. Thomsen, L. Zanini
A helium cooled target for efficient neutron production in SINQ.
Third High-Power Targetry Workshop, September 10-14, 2007, Bad Zurzach, Switzerland.

K. Thomsen, D. Kiselev, U. Rohrer, M. WohIimuther, L. Zanini
Influence of beam foot print on neutron production in SINQ.
Third High-Power Targetry Workshop, September 10-14, 2007, Bad Zurzach, Switzerland.

W. Wagner, P. Treganna-Piggott, G. Kuehne, M. Wohimuther, D. Rohe, K. Thomsen, H.
Heyck, F. Groeschel

Status and Development of the Swiss Spallation Neutron Source SINQ,

ICANS-XVIII, 18th Meeting of the International Collaboration on Advanced Neutron Sources
April 25-29, 2007

L. Zanini, K. Berg, U. Filges, G. Kiihne, M. Lithy, S. Scazzi, L. Tobler

Neutronic Performance of the MEGAPIE target.

Eighth International Topical Meeting on Nuclear Applications and Utilization of Accelerators,
ACCAPP’07, Pocatello, USA, July 30-August 2, 2007

L. Zanini
Neutronic performance and gas production in the MEGAPIE target.
MEGAPIE Technical Review Meeting, 17 April 2007

LECTURES AND COURSES

Hajo Heyck
Kerntechnik
Vorlesung an der Fachhochschule Nordwestschweiz (FHNW)

J.A. Patorski
Thermographische Temperaturmessung
Paul Scherrer Institute Lehrkurs (3 x 3 Tage) 13-15 November 2007

E. Lehmann
Neutron Tomography for Cultural Heritage Studies
Summer School ,Analysis in Art with Radiation (AARD 2007)", 3.-11. Sept. 2007

E. Lehmann

New options in the non-destructive analysis of Zr based materials, in particular in respect to
the hydrogen concentration determination

Seminarvortrag LMV, 24.08.2007
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AWARDS / NOMINATIONS

E. Lehmann
V. Dangendorf, Fachliteraturpreis des Bulletins SEV/VSE, 6. Juni 2007
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Condensed Matter Research with Neutrons and
Muons

Laboratory of Muon Spectroscopy

LIST OF PUBLICATIONS (PEER REVIEWED)

Apetrei A, Mirebeau |, Goncharenko |, Andreica D, Bonville P

Study of ferromagnetic-spin glass threshold in R,Mo,0; by high-pressure neutron diffraction
and uSR

JOURNAL OF PHYSICS-CONDENSED MATTER 19, 145214 (2007)

Bauer E, Kaldarar H, Prokofiev A, Royanian E, Amato A, Sereni J, Bramer-Escamilla W,
Bonalde |

Heavy fermion superconductivity and antiferromagnetic ordering in CePt;Si without inversion
symmetry

JOURNAL OF THE PHYSICAL SOCIETY OF JAPAN 76, 051009 (2007)

Bishop AR, Bussmann-Holder A, Dolgov OV, Furrer A, Kamimura H, Keller H, Khasanov R,
Kremer RK, Manske D, Mller KA Simon A,

Real and Marginal Isotope Effects in Cuprate Superconductors

JOURNAL OF SUPERCONDUCTIVITY AND NOVEL MAGNETISM 20, 393 (2007)

Britvitch I, Johnson I, Renker D, Stoykov A, Lorenz E

Characterisation of Geiger-mode avalanche photodiodes for medical imaging applications
NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION A-
ACCELERATORS SPECTROMETERS DETECTORS AND ASSOCIATED EQUIPMENT 571,
308 (2007)

Britvitch I, Lorenz E, Olshevski A, Renker D, Sadygov Z, Scheuermann R, Stoykov A, Werner
A, Zheleznykh |

Development of scintillation detectors based on avalanche microchannel photodiodes
NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION A-
ACCELERATORS SPECTROMETERS DETECTORS AND ASSOCIATED EQUIPMENT 571,
317 (2007)

Bussmann-Holder A, Khasanov R, Shengelaya A, Maisuradze A, La Mattina F, Keller H,
Mdller KA,

Mixed order parameter symmetries in cuprate superconductors,

EUROPHYSICS LETTERS 77, 27002 (2007).

Fan I, Chow K, Hitti B, Scheuermann R, Mansour A, Lichti L, Macfarlane W, Jung J, Schultz B
Dynamics of diamagnetic muonium: Precession signature in Ge and optical excitation
PHYSICA B 401-402, 624 (2007)

Fan I, Chow K, Scheuermann R, Hitti B, Macfarlane W, Schultz B, Mansour A, Jung J, Lichti L
Influence of optical excitation on the precession signature of charged muonium
PHYSICA B 401-402, 635 (2007)

Graf M, Lago J, Lascialfari A, Amato A, Baines C, Giblin S, Lord J, Tkachuk A, Barbara B

Muon Spin Rotation Studies of Spin Dynamics at Avoided Level Crossings in LiYy.99g HO.002F 4
PHYSICAL REVIEW LETTERS 99, 267203 (2007)

SJ014/24/2008 Page 35 of 48



Ikedo Y, Sugiyama J, Nozaki H, Itahara H, Brewer JH, Ansaldo EJ, Morris GD, Andreica D,
Amato A

Spatial inhomogeneity of magnetic moments in the cobalt oxide spinel Co30,

PHYSICAL REVIEW B 75, 054424 (2007)

Kawasaki Y, Gavilano J, Roessli B, Andreica D, Baines C, Pomjakushina E, Conder K, Ott H
USR studies of CePd.In at low temperature
LT23 PROCEEDINGS , (2007)

Khasanov R, Straessle S, Di Castro D, Masui T, Miyasaka S, Tajima S, Bussmann-Holder A,
Keller H

Multiple gap symmetries for the order parameter of cuprate superconductors from penetration
depth measurements

PHYSICAL REVIEW LETTERS 99, 237601 (2007)

Khasanov R, Shengelaya A, Di Castro D, Eshchenko DG, Savi¢ IM, Conder K, Pomjakushina
E, Karpinski J, Kazakov S, Keller H,

Magnetic-field dependence of the oxygen isotope effect on the magnetic penetration depth of
hole-doped cuprate superconductors

PHYSICAL REVIEW B 75, 060505(R) (2007)

Khasanov R, Zhigadlo ND, Karpinski J, Keller H,
In-plane magnetic penetration depth Ay, in Cay-Na,CuO,Cl, : Role of the apical sites
PHYSICAL REVIEW B 76, 094505 (2007)

Khasanov R, Shengelaya A, Maisuradze A, La Mattina F, Bussmann-Holder A, Keller H,
Muiller KA,

Experimental Evidence for Two Gaps in the High-Temperature La g3Sro.17CuQy
Superconductor,

PHYSICAL REVIEW LETTERS 98, 057007 (2007)

Kondo T, Khasanov R, Karpinski J, Kazakov SM, Zhigadlo ND, Ohta T, Fretwell HM,
Palczewski AD, Koll JD, Mesot J, Rotenberg J, Keller H, Kaminski A

Dual Character of the Electronic Structure of YBa,Cu,Og: The Conduction Bands of CuO2
Planes and CuQO Chains

PHYSICAL REVIEW LETTERS 98, 157002 (2007)

Lago J, Blundell SJ, Baines C
USR investigation of spin dynamics in the spin-ice material Dy,Ti,O;
JOURNAL OF PHYSICS-CONDENSED MATTER 19, 326210 (2007)

Lago J, Micotti E, Corti M, Lascialfari A, Bianchi A, Carretta S, Santini P, Procissi D, Baek SH,
Kogerler P, Baines C, Amato A

Low-energy spin dynamics in the giant keplerate molecule Moz,Fesy: A muon spin relaxation
and H' NMR investigation

PHYSICAL REVIEW B 76, 064432 (2007)

Lancaster T, Blundell SJ, Andreica D, Janoschek M, Roessli B, Gvasaliya SN, Conder K,
Pomjakushina E, Brooks ML, Baker PJ, Prabhakaran D, Hayes W, Pratt FL

Magnetism in geometrically frustrated YMnOj3 under hydrostatic pressure studied with muon
spin relaxation

PHYSICAL REVIEW LETTERS 98, 197203 (2007)

Lancaster T, Shiroka T, Scheuermann R, Stoykov A, Salmand Z, Cottrell SP, King P, Lord JS,
Pratt FL

Magnetic field effects on particle trajectories in the muon-spin relaxation experiment: Towards
a high-field spectrometer

NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION A-
ACCELERATORS SPECTROMETERS DETECTORS AND ASSOCIATED EQUIPMENT 580,
1578 (2007)
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Lorenz E, Britvich |, Ferenc D, Otte N, Renker D, Sadygov Z, Stoykov A

Some studies for a development of a small animal PET based on LYSO crystals and Geiger
mode-APDs

NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION A-
ACCELERATORS SPECTROMETERS DETECTORS AND ASSOCIATED EQUIPMENT 572,
259 (2007)

Luetkens H, Stingaciu M, Pashkevich YG, Lemmens P, Pomjakushina E, Conder K, Klauss
HH

Oxygen isotope effect on the AFM-FM phase transition of the layered cobaltite HoBaC0,0s 47
JOURNAL OF MAGNETISM AND MAGNETIC MATERIALS 310, 1566 (2007)

Mamedov TN, Gritsay Kl, Stoykov AV, Herlach D, Scheuermann R, Zimmermann U
Measurement of the magnetic moment of the negative muon bound in heavy atoms
PHYSICAL REVIEW A 75, 054501 (2007)

Mariani M, Aldrovandi S, Corti M, Lago J, Lascialfari A, Micotti E, Rettori A, Cinti F, Amato A,
Baines C, Bogani L, Caneschi A, Cottrell SP, Gatteschi D

Local spin dynamics in magnetic molecular chains studied by NMR and uSR

INORGANICA CHIMICA ACTA 360, 3903 (2007)

Martyniak A, Dilger H, McKenzie I, Scheuermann R, Lagerwall J, Roduner E

Partitioning and reorientational dynamics of phenylalcohols in SDS lyotropic liquid crystalline
mesophases: An ALC-uSR study

COLLOIDS AND SURFACES A-PHYSICOCHEMICAL AND ENGINEERING ASPECTS 309,
224 (2007)

Mendels P, Bert F, de Vries MA, Olariu A, Harrison A, Duc F, Trombe JC, Lord JS, Amato A,
Baines C

Quantum magnetism in the paratacamite family: Towards an ideal kagome lattice
PHYSICAL REVIEW LETTERS 98, 077204 (2007)

Mennerich C, Klauss H, Mienert D, Bosse A, Litterst F, Lemmens P, Baabe D, Luetkens H,
Scheuermann R, Johnsson M

Chemical Pressure Effect on the Magnetic Order in the Weakly Coupled Spin Tetrahedra
System Cu,Te,05(BrCl1.)2

JOURNAL OF THE PHYSICAL SOCIETY OF JAPAN 76, 104 (2007)

Mirebeau |, Apetrei A, Goncharenko |, Andreica D, Bonville P

Magnetic transition induced by pressure in Gd,Mo,0; as studied by neutron diffraction and
USR

JOURNAL OF MAGNETISM AND MAGNETIC MATERIALS 310, 919 (2007)

Morenzoni E, Luetkens H, Suter A, Eshchenko D, Khasanov R, Amato A, Prokscha T,
Scheuermann R

USR studies of hydrogen-bonded ferroelectrics and antiferroelectrics

PHYSICA B-CONDENSED MATTER 388, 274 (2007)

Mukai K, lkedo Y, Nozaki H, Sugiyama J, Nishiyama K, Andreica D, Amato A, Russo PL,
Ansaldo EJ, Brewer JH, Chow KH, Ariyoshi K, Ohzuku T

Magnetic phase diagram of layered cobalt dioxide Li,CoO,

PHYSICAL REVIEW LETTERS 99, 087601 (2007)

Musienko Y, Renker D, Reucroft S, Scheuermann R, Stoykov A, Swain J

Radiation damage studies of multipixel Geiger-mode avalanche photodiodes

NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION A-
ACCELERATORS SPECTROMETERS DETECTORS AND ASSOCIATED EQUIPMENT 581,
433 (2007)

Ofer O, Keren A, Baines C

Lack of static lattice distortion in Tb,Ti,O;
JOURNAL OF PHYSICS-CONDENSED MATTER 19, 145270 (2007)
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Prokscha T, Morenzoni E, Eshchenko DG, Garifianov N, Gluckler H, Khasanov R, Luetkens
H, Suter A

Formation of hydrogen impurity states in silicon and insulators at low implantation energies
PHYSICAL REVIEW LETTERS 98, 227401 (2007)

Rebbouh L, Hermann RP, Gandjean F, Hyeon T, An K, Amato A, Long GJ

"Fe Moessbauer spectral and muon spin relaxation study of the magnetodynamics of
monodispersed gamma-Fe,0;

PHYSICAL REVIEW B 76, 174422 (2007)

Ricco M, Belli M, Pontiroli D, Mazzani M, Shiroka T, Arcon D, Zorko A, Margadonna S, Ruani
G!

Recovering metallicity in A4Cgo: The case of monomeric LisCgg

PHYSICAL REVIEW B 75, 081401(R) (2007)

Schenck A, Gygax FN

Complex phase diagram of Cey zsLag 25Bs studied by muon spin rotation and relaxation in zero
and nonzero external fields

PHYSICAL REVIEW B 75, 024428 (2007)

Scheuermann R, Stoykov A, Renker D, Sadygov Z, Mehtieva R, Dovlatov A, Zhuk V
Scintillation detectors for operation in high magnetic fields: Recent developments based on
arrays of avalanche microchannel photodiodes

NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION A-
ACCELERATORS SPECTROMETERS DETECTORS AND ASSOCIATED EQUIPMENT 581,
443 (2007)

Sedlak K

Macroassembly and performance of the ATLAS SCT barrels

NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION A-
ACCELERATORS SPECTROMETERS DETECTORS AND ASSOCIATED EQUIPMENT 573,
280 (2007)

Shiroka T
NMR of fullerenes and curved carbon forms
STRAINED HYDROCARBONS edited by H. Dodziuk (Wiley-VCH, Weinheim) (2007)

Stoykov A, Musienko Y, Kuznetsov A, Reucroft S, Swain J
On the limited amplitude resolution of multipixel Geiger-mode APDs
JOURNAL OF INSTRUMENTATION 2, P0O6005 (2007)

Sugiyama J, lkedo Y, Russo PL, Nozaki H, Mukai K, Andreica D, Amato A, Blangero M,
Delmas C

Magnetic nature of K,CoO, near the antiferromagnetic phase with x=0.5: Positive muon spin
rotation and relaxation

PHYSICAL REVIEW B 76, 104412 (2007)

Sugiyama J, Nozaki H, Ikedo Y, Mukai K, Andreica D, Amato A, Brewer JH, Ansaldo EJ,
Morris GD, Takami T, Ikuta H

Two dimensionality in quasi-one-dimensional cobalt oxides confirmed by muon-spin
spectroscopy

JOURNAL OF MAGNETISM AND MAGNETIC MATERIALS 310, 2719 (2007)

Vujosevic D, Dilger H, McKenzie |, Martyniak A, Scheuermann R, Roduner E

Local ordering in liquids: Solvent effects on the hyperfine couplings of the cyclohexadienyl!
radical

JOURNAL OF PHYSICAL CHEMISTRY B 111, 199 (2007)
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BOOK CHAPTERS

R. Khasanov, A. Shengelaya, A. Bussmann-Holder and H. Keller

Two-Gap Superconductivity in the Cuprate Superconductor La4 g3Sry 17,CuQy

in: "High Tc Superconductors and Related Transition Metal Oxides",

edt. A. Bussmann-Holder and H. Keller, Springer Berlin Heidelberg, 177-190 (2007)

INVITED TALKS

A. Amato,

Bulk uSR Facilities at PSI,

MSR User Meeting BVRA 2007,

January 23-24, 2007, Paul Scherrer Institute, Villigen Switzerland

D. Andreica,

YMnO;;,

MSR User Meeting BVRA 2007,

January 23-24, 2007, Paul Scherrer Institute, Villigen Switzerland

D. Eshchenko,

Spin-polarized injection from a magnetic semiconductor into a nonmagnetic semiconductor:
spintronics via USR,

MSR User Meeting BVRA 2007,

January 23-24, 2007, Paul Scherrer Institute, Villigen Switzerland

D. Herlach,

USR Facilities at PSI

ISMS Meeting,

October 8, 2007, Bilbao (Spain)

R. Khasanov,

Magnetic and electronic properties of superconducting and related materials,
MSR User Meeting BVRA 2007,

January 23-24, 2007, Paul Scherrer Institute, Villigen Switzerland

R. Khasanov,

Evidence for complex order parameters in cuprate superconductors,
DELFS-2007 (Dynamic Energy Landscapes and Functional Systems),
Port Jefferson, New York — May 23-26, 2007 (USA)

R. Khasanov,

Multiple order parameters in cuprate superconductors,

High-Temperature Superconductivity in Cuprates, Original Concept and New Developments
Thilisi, Georgia, October 7-12, 2007

R.Khasanov,

Evidence for complex order parameter in cuprate high-temperature superconductors,
Swiss Workshop on Materials with Novel Electronic Properties,

Les-Diablerets, September 28-30, 2007 (Switzerland)

E. Morenzoni,

Low Energy Muon News,

MSR User Meeting BVRA 2007,

January 23-24, 2007, Paul Scherrer Institute, Villigen Switzerland

E. Morenzoni,

Superconductivity and magnetism in YBa,Cu3;O07-Pr Ba,Cu3z0O7-YBa,Cus0; tri-layers,
MSR User Meeting BVRA 2007, January 23-24, 2007, Paul Scherrer Institute, Villigen
Switzerland
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E. Morenzoni,

Low Energy Muons at PSI
ISMS Meeting,

October 8, 2007, Bilbao (Spain)

E. Morenzoni

Depth controlled investigations of magnetic and superconducting thin films and
heterostructures with polarized muons

Condensed Matter Seminar, DPMC, U. Geneva, 11.5.2007

E. Morenzoni
Muons for nanoscience
TRIUMF Town Meeting, TRIUMF, Vancouver, 2.8.2007

K. Sedlak
A new detector system for the ALC-spectrometer: hardware solutions and simulations
LMU Seminar, October 22, 2007, Paul Scherrer Institute, Villigen Switzerland

T. Shiroka,
Tunable, low-energy muons as local probes of magnetism,
3" Ferrocarbon NEST Meeting, February 16, 2007, Marrakech, Morocco

A. Stoykov,
A new detector system for the ALC-spectrometer: hardware solutions and simulations
LMU Seminar, October 22, 2007, Paul Scherrer Institute, Villigen Switzerland

A. Suter,

Investigation of magnetism in HfO, and related materials,

MSR User Meeting BVRA 2007, January 23-24, 2007, Paul Scherrer Institute, Villigen
Switzerland

A. Suter,

Depth resolved studies by LE-uSR of complex matter and multilayer systems,

SLS Symposium on Magnetism at the Nanoscale, November 6, 2007, Paul Scherrer Institute,
Villigen, Switzerland

A. Suter,

Investigation of magnetism in HfO, and related systems,

uSR User Meeting BVRA 2007, January 24-25, 2007, Paul Scherrer Institute, Villigen,
Switzerland

CONFERENCE, WORKSHOP AND SEMINAR CONTRIBUTIONS

D.G. Eshchenko,

Low Energy Muon Studies of PrBa,Cu30- thin layers,
Annual meeting of the Swiss Physical Society,
February 20-21, 2007, Zurich, Switzerland, poster

H. Luetkens,

Magnetism and superconductivity in La2>xCexCuOu4 films,

Swiss Workshop on Materials with Novel Electronic Properties,
September 28-30, 2007, Les Diablerets, Switzerland, talk

E. Morenzoni,

Depth resolved investigations of superconductivity and magnetism in cuprate multilayers,
Swiss Workshop on Materials with Novel Electronic Properties,

September 28-30, 2007 Les Diablerets, Switzerland, talk
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R. Scheuermann, A. Stoykov, D. Renker, Z. Sadygov, R. Mehtieva, A. Dovlatov, V. Zhuk,
Scintillation detectors for operation in high magnetic fields: recent developments based on array of
avalanche microchannel photodiodes,

11th Vienna Conference on Instrumentation - VCI2007,

February 19-24, 2007, Vienna, Austria, talk

T. Shiroka,

Exploring the performance of position-sensitive detectors through numerical simulations,
9th International Conference on Radiation Imaging Detectors,

July 22-27 (2007) Erlangen, Germany, talk

B.M. Wojek,

Depth dependent uSR studies of YBCO/PBCO/YBCO tri-layers,
NCCR MaNEP - Review Panel Meeting,

June 14, 2007, Genéve, Switzerland, talk

B.M. Wojek,

Superconductivity and magnetism in cuprate tri-layers,
6th PSI Summer School on Condensed Matter Research,
August 18-25, 2007, Zuoz, Switzerland, poster

LECTURES AND COURSES

E. Morenzoni

e Physik mit Myonen: Von der Atomphysik zur Festkdrperphysik
Vorlesung ETHZ, Sommersemester 2007

e Physik mit Myonen: Von der Atomphysik zur Festkérperphysik
Ubungen zur Vorlesung

MEMBERSHIP IN EXTERNAL COMMITTEES

A. Amato,

e Swiss Representative COST — Action P16, "Emergent Behaviour in Correlated Matter"

e Facility Subcommittee of the International Society for SR Spectroscopy (ISMS)

e International Advisory Committee, 11" International Conference on Muon Spin
Relaxation, Rotation and Resonance

D. Herlach,

e Secretary, PSI pSR International Research Committee

e Swiss Delegate, International Society for uSR Spectroscopy (ISMS) Europe

R. Khasanov,

e Editorial board, The Open Condensed Matter Physics Journal

H. Luetkens,

¢ Executive committee member of the International Society for uSR Spectroscopy (ISMS)
E. Morenzoni,

NCCR MaNEP — Materials with Novel Electronic Properties

e International program committee, International Symposium on Pulsed Neutron and Muon
Sciences (IPS08)

e Program Committee, 11" International Conference on Muon Spin Relaxation, Rotation

and Resonance

Py

. Scheuermann,
e ISIS Facility Access Panel
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Condensed Matter Research with Neutrons and
Muons

Laboratory of Development and Methods

LIST OF PUBLICATIONS (PEER REVIEWED)

Atchison F, Blau B, Bodek K, Van den Brandt B, Brys T, Daum M, Fierlinger P, Frei A,
Geltenbort P, Hautle P, Henneck R, Heule S, Holley A, Kasprzak M, Kirch K, Knecht A,
Konter J, Kuzniak M, Liu C, Morris C, Pichimaier A, Plonka C, Pokotilovski Y, Saunders A,
Shin 'Y, Tortorella D, Wohimuther M, Young A, Zejma J, Zsigmond G

Cold Neutron Energy Dependent Production of Ultracold Neutrons in Solid Deuterium
PHYSICAL REVIEW LETTERS 99, 262502 (2007)

Comment A, van den Brandt B, Uffmann K, Kurdzesau F, Jannin S, Konter JA, Hautle P,
Wenckebach WTH, Gruetter R, van der Klink JJ

Design and performance of a DNP prepolarizer coupled to a rodent MRI scanner
CONCEPTS IN MAGNETIC RESONANCE PART B-MAGNETIC RESONANCE
ENGINEERING 31B, 255 (2007)

Conder K, Podlesnyak A, Pomjakushina E, Pomjakushin V, Stingaciu M, Karkin AE
Transport properties and oxygen isotope effect in layered cobaltites RBaCo205+x
JOURNAL OF MAGNETISM AND MAGNETIC MATERIALS 310, 907 (2007)

Conder K, Podlesnyak A, Pomjakushina E, Stingaciu M
Layered cobaltites: Synthesis, oxygen nonstoichiometry, transport and magnetic properties
ACTA PHYSICA POLONICA A 111, 7 (2007)

Delley B, Grimmer H
Density-functional calculations of Esterel twinning in quartz
PHYSICAL REVIEW B 76, 224106 (2007)

Duval S, Holtappels P, Vogt U, Pomjakushina E, Conder K, Stimming U, Graule T
Electrical conductivity of the proton conductor BaZr0.9Y0.10(3-y) obtained by high
temperature annealing

SOLID STATE IONICS 178, 1437 (2007)

Grimmer H (Grimmer Hans)

A simple method of determining the form of the phonon part of tensors describing quasicrystal
properties

ACTA CRYSTALLOGRAPHICA SECTION A 63, 266 (2007)

Grimmer H (Grimmer Hans)

The piezoelectric effect of second order in stress or strain: its form for crystals and
quasicrystals of any symmetry

ACTA CRYSTALLOGRAPHICA SECTION A 63, 441 (2007)

Hafliger PS, Podlesnyak A, Conder K, Pomjakushina E, Furrer A

The pseudogap in LSCO-type high-temperature superconductors as seen by neutron crystal-
field spectroscopy

PROGRESS IN SOLID STATE CHEMISTRY 35, 415 (2007)

Kawasaki Y, Gavilano J, Roessli B, Andreica D, Baines C, Pomjakushina E, Conder K, Ott H
mu-SR studies of CePdZ2In at low temperature
LT23 PROCEEDINGS , (2007)

SJ014/24/2008 Page 42 of 48



Khasanov R, Shengelaya A, Di Castro D, Eshchenko DG, Savic IM, Conder K, Pomjakushina
E, Karpinski J, Kazakov S, Keller H

Magnetic-field dependence of the oxygen isotope effect on the magnetic penetration depth of
hole-doped cuprate superconductors

PHYSICAL REVIEW B 75, 060505 (2007)

Kohlbrecher J, Bollhalder A, Vavrin R, Meier G
A high pressure cell for small angle neutron scattering up to 500 MPa in combination with light

scattering to investigate liquid samples
REVIEW OF SCIENTIFIC INSTRUMENTS 78, 125101 (2007)

Lancaster T, Blundell SJ, Andreica D, Janoschek M, Roessli B, Gvasaliya SN, Conder K,
Pomjakushina E, Brooks ML, Baker PJ, Prabhakaran D, Hayes W, Pratt FL

Magnetism in geometrically frustrated YMnO3 under hydrostatic pressure studied with muon
spin relaxation

PHYSICAL REVIEW LETTERS 98, 197203 (2007)

Luetkens H, Stingaciu M, Pashkevich YG, Lemmens P, Pomjakushina E, Conder K, Klauss
HH

Oxygen isotope effect on the AFM-FM phase transition of the layered cobaltite
HoBaCo0205.47

JOURNAL OF MAGNETISM AND MAGNETIC MATERIALS 310, 1566 (2007)

Podlesnyak A, Conder K, Pomjakushina E, Mirmelstein A, Allenspach P, Khomski DI
Effect of light Sr doping on the spin-state transition in LaCoO3
JOURNAL OF MAGNETISM AND MAGNETIC MATERIALS 310, 1552 (2007)

Podlesnyak A, Karkin A, Conder K, Pomjakushina E, Stingaciu M, Allenspach P
Magnetic and electric transport properties of TbBaCo0205.5 single crystal
JOURNAL OF MAGNETISM AND MAGNETIC MATERIALS 316, 710 (2007)

Podlesnyak A, Pomjakushin V, Pomjakushina E, Conder K, Furrer A
Magnetic excitations in the spin-trimer compounds Ca3Cu3-xNix(PO4)(4) (x=0,1,2)
PHYSICAL REVIEW B 76, 064420 (2007)

Pomjakushin VY, Furrer A, Sheptyakov DV, Pomjakushina EV, Conder K

Crystal and magnetic structures of the spin-trimer compounds Ca3Cu3-xNix(PO4)(4)
(x=0,1,2)

PHYSICAL REVIEW B 76, 174433 (2007)

Pomijakushin VY, Sheptyakov DV, Conder K, Pomjakushina EV, Balagurov AM

Effect of oxygen isotope substitution and crystal microstructure on magnetic ordering and
phase separation in (La1-yPry)(0.7)Ca0.3Mn0O3
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American Astronomical Society Meeting 210, Honolulu, Hawai, USA, 01 May 2007.
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Prof. Dr. U. Krahenbuhl / Uni Bern
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